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ABSTBACT 

These curriculum materials are the first section of a 
four-part r secondary-postsecohdary-level course in metals processing. 
The course is cne of a number of military-developed curriculum 

packages selected for adaptation tc vocational instruction and 

curriculum development in a civilian setting. Block I, Introduction 
to Dxyacetylene Welding r contains seven lessons covering fifty-four 
hours of instruction: Shop and Flight line Safety Practices » Hand 
TbciSr Operation and> Maintenance of Welding Equipment , Bead and Lap 
Joints of Carbon Steely Butt dcints of Carbon Steely Tee Joints of 
Carbon Steely and Position weldings Block II >Oxyacetylene Welding, 
Cuttingr Solderin-gv Brazing, and Hard Surfacin a, contains seven 
lessons covering forty hours of instruction: Mechanical Drawing and 
Blueprint Eeadingr Joints of Heat and Corrosion Eesistant Ferrous 
Alloys^ Cutting Carbon steel. Silver and Lead_Sclderingr Brazing 
steel and Gray Iron Castings^ Fusion welding Ferrous Castings, and 
Hard Surfacing. Instructor materials. include a course chart, detailed 
lesson plans ^ and a plan of ihstructich containing the unirs of 
instruction^ criterion objectives^ and additional materials needed- 
Student materials include a study guide for each block with 
cbiectives, information^ review exercises^ and references for each 
lesson: programmed text cn shop safety: handout of glossary welding 
terms; and handout bibliographies. Suggested audiovisuals are not 
provided. JYIE) 
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This military technical training course has been selected and adapted by 
The Center for Vocational Education for "Trial Implementation of a Model System 
to Provide Military Curricultm Materials for Use in Vocational and Tedmicai 
Education," a project sponsored by the Bureau of Occupational and Adult Education; 
U:S; Department ol Health; Education, and Welfare. 
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MTLITftRy CURRICmm MKIEKEALS 



The militaiy-developed oiinaciilunl itiaterials in this course 
j^dkage v?ere selected by the National Genter for Research jm 
Vocational Education Military airS;ci^um Project lor disserrF _ 
inatidn to the six regicrial Curricuium Coordinatibon Centers and 
other instructional inaterials agencies. The purpose of ^ 
disseminatihg _tliese_ qourses was to niake curriculum iiiateariais 
cfeveloped by the military itore_ accessible to vocational 
educators in tiie ci\-ilian setting. 

The course mateSais were acquired^ .evaluated by project 
staff and practitioners in Sie field, ^and prepared for^_ ^ 
dissemination. Materials vMch were specific to ttie^^m 
v?ere .deleted, cc^i^righted materials were eitiier anitted_o^ 
val for their vse was obtained. These course packages c^it^n 
cuniculum resource materials which can be adapted to support 
vocational instruction and curriculum develc^sngnt. 



The National Center 
Mission Statement 



The National Senter for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progressidh. The Natidha! 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and dutcdrries 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting jeadership development and 
training programs 



FOR FURTHER ! IVl FOR MAT 10 Pd ABOUT 

Military Curricuium Materials 
WRITE OR CALL 

Program Information Office 
the National Center for Research in Vocational 
Ed U cation 

TheOhio State University _ 

1960 Kenny Road. Columbus. Ohio 43210 
Telephone: 614/486-3655 or Toll Free 800/ 

^_ 848-4815 within the continental U.S. 

O (except Ohio) 



^ Military Gurrioulum 
|| Materials for 

i Vocational ani 
a Teehnieal E^ueatlon 

''■'4 
-.1 




ERIC 



Military 

Cuffieyium Matefials What Materials HowGanTliese 
Dissemination Is . . . Are Availalle? Materials Be Obtained? 



an activity to increase the accessibility of One iiQndred twenty coarses on microfiche Contact the Curriculum Cdordination Center 

military-developed curriculum materials to (thirteen in paper form) and descriptions of in your region for information on obtaining 

vocational and technical educators. each have been provided to the vocationai materials (e:g., availability and cost). They 

Cdrricuium Coondination Centers and other will respondjo yoai^request directly or refer 

This project, funded by the U.S. Office of instructional materials agencies for dissemi- vou to an instructional materials agency 

Education, includes the identification and nation. ■ closer to you. 

acquisition of curriculum materialsjn print _ 

fofrn frorn the Coast Guard, Air Force, Course materials include prdgrarnnied 

Afrny, Marine Corps and Navy. instruction, curriculum outlines, instructor CURRICULUM CDORDIN.z\TION CEHTERS 

guidrs, staden'; workbooks and technical 

Access to military curriculuin materials is manaali: EA^T CENTRAL northwest 

provided through a "Joint Memorandum of _ Rebecca S; Doaglass William Daniels 

UndeRtandipg" between t-i^e U.S. Office of The 120 courses represent the following Director Director 

Educatior. and the Oopartment of De^?nse. sixteen vocational subject areas: 100 North First Street Building 17 

Springfield, I L 62777 Airdustrial Park 

The acq.u;rid r33ierials are reviewed by Staff Agriculture Food Service 217/782^759 biympia. WA 98504 

aad sul'ied natter specialists, and courses Aviation Health _ , , 206/753-0879 

fc.'d applied 'e to voc3tionai ano iec^ Building & Heating & Air 

nicaietoicnareseiecredlordiseminatioh. Construction Conditioning raiDWEST SOUTHEAST 

Trades Machine Shop Robert Pattbri JpesF;Shill,Ph;D: 

The Nfei Cv-.ar ff>r Research in Cleric: Managements Director _ Director 

Vocational E'j-icaticn is the U.S. Office of Occupations Supervision 1515 West Sixth Ave. Mississippi State University 

Educ^-iv'i ^dsigriated representative to Communications Meteorology & Stillwater, OK 74704 .Drawer DX 

aquire ti>5 materials and conduct tne project Drafting Navigation 405/377-2000 Mississippi _State, MS 39762 

activities. Electronics Photography 601/325-2510 

Engine Mechanics Public Service 

ProjectStaff: _ NORTHEAST WESTERN 

The number of courses and the subject areas Joseph F; Kelly, Ph.D: Lawrence F.H.Zane,Ph.D. 

Wesley £: Budlce, Ph.D:, Director represented will expand as additional mate- Director Director 

National Center Clearinghouse Hals with application to vocational and 225 West State Street 1776 bnlveRity Ave; 

Shirley A. Chase, Ph;D; technical education are identified and selected Trenton, NJ 08625 Honoiaiu, Hi 96822 

Project Director for dissemination; 609/292-6562 808/948-7834 
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mgALS-^gOCESSI NG SPECI.M.ISt. BLOCKS I AND IZ 
Table of Contents 

Course Description ^^^^ ^ 

Plan of instruction ^^^^ 

Lesson Plans 18 

Block I - Introduction To Oxyacetylene Welding 

Intrbdug ^iO£:jo_gg £g ^ Welding - Study Guides Page 130 

Block 11 - Oxyacetylene Welding, Cutting, Soldering, 
Brazing And Hard Surfacing 

Oxyacetylene, Weldin g, Cutti ng, Soldering Brazing Page 210 
And 4lar4 ._|urf acin^ - Study Guides 

Shop Saf ety " PrbgranEned Text 'P^ge 27 B 

BibiiogrlSllZ Handout ^^S^ 318 
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Print Pages: 
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Cost: 
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♦ Ntoiefiats are reconimendca bot not provided. 




Expires July 1. 1978 



— " 

•fllR ih'i firit section of a fo.ir.part course on metals prbcesMng. Tratning for the entire course incfudos fabrication of welded structures and.moiai 
wc>:d repairs; prihcipies. techniques arid processes of welding; cutitng; soldering, brazing, and hard surfacing of var.bus types of metaU u^^fd in f.ibricaiion 
arid repair of eq-Jipnicht: bluepfint re.id;ng: heat treating, hardness testing. identifiCvMibn and p; evehiioh of corrosion; use of :hand and nteosur.ng 
t^is- and operation and maintenance of wcuimg. hoot treating, rest cc.u»pnn.jnt and f.ower rruxh.nerv such as.qnnders. onll presses, power sows. ;:nd 
meiai cuitihg shears. Safety is crnphasized throughout the course. Metal Processing Spocianst, Slocks I and tl deals with oxvaceivicnc wcldmg. coifng; 
soi^ring, bracing, and hard surfacing, two blocks cover 9^ hours of ihstruuion; 

Block I - Introduction (o Oxy^cetytcnc Wofding contains soven lessons covering 54 hours of Three lessons on the course or.entation. 

Air Force career ladder and commun.cstions security were deleted. The remaining lessons and respective hours foliow: 

Shop and Fitghi Line Safety Practices {1 hbijr) 
Hand Tbcis (1 hour) 

bperatioo and Maintenance of Welding Equiprrierit (4 hours) 
Beads end Lap Joints of (^rbcn Steel (17 ho'jrs) 
Butt Joints of Carbon S:eel (12 hours) 
Tec Joints bf Carbon Steel (12 hours) 
Position WeJdi ng ( 1 2 hcras) 

BibcR II - Oxycetyme Wcmng, Cutting, Soidering, Brewing, ana Hard Surfacing contains seven lessons cbverjhg 40 hours of instruction. 

Three additional lessons on Air Force Technicol Orders, supply syitcms, and inspection and maintenance were deleted. 

Mechahical Drawing and Blueprint Reading (S hours) _ 

Joints of_Hcai 3r)d Ccrrosicn Resistant herrbus Alloys (7 hours) 

CL'tttng Carbon Steel (6 hours) 

Silver and Lead Soldering (3 hours) _ 

Brazing Steel and Gray Iron listings [7 hours) 

Fusion Welding Ferroos Castings (6 hours) 

Hard Surifacmg (3 Kourr-/ 

Tteection contains boiR teacher and student materials. Print«J instructor materials include a course chart; detailed lesson plans, and a plan of instruciibr. 
n^n9 the units of insl.uct^bn. criterion objectives, the duration of the lessons, and additional mjter.als needed. Student material; .nctuae a studv guide 
fb^ch block which inc'jdcs cbjectives, information, review excrcisss. and rcfererices for each lesson; a programn.eo text on shop safely; a handou. 
of giossa.'V welding terms; and a handout biblio.ji aphy. 

Text mMerials ar- prov.dsd in the study Buides. hovve-.er, several commercial texts arid military technical manuals are referenced tjnrcughout the 
course. Thcsi not provided. Aud.cvisuals sugscstsa for use in the entire course include 1S8 slides, 8 film:. 2 videotapes, and S fan.parency sets. 
AUdibvtsuals are not prov-d^d. 



tw t\t(r\n inn \«CAr*i*wi ^r^XMum 
-f :»M «••• •• • ' * 
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LIST OF CURmJT PAGES 
This POi consists of 68 carrent pages issued as foiiows : 



Bage- No . • Issue 

Title ....... Original 

A Original 

i Original 

ii Original 

1 thru 55 ..... Original 

Ai-1 thru Ai-9 . . Original 




DISTRIBUTION: ATG/TTMS-li AULD-l^ TWS-50i TT\'GC-3i TTOT-li TTOXW^l^ 
TTOR-l, TTE-1, CCAF/AY-2 
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* COaRSE CHART 


NOMBER 


PDS cooe 
APJ 


15 July 1975 



RSE TITCE 

etals Processing- 



#itC OPR AND APPROVAL DATE 

TTO S, 6 Nov 1972 



CENTER OPH 

ehanute/TTOXff 



DEPARTMENT OPl=l 

de partment o f Weapon- Systems Sxspport Training 



LOCATION OF TRAINING 

Chanute 



:±Qb±8 61S68 



INSTRUCTIONAL DESIGN 

Group /Lpck Step 



SUPERSEDES COURSE CHART 

3ABR5313i, 2 June 1975 



applicaol_e_ training standard 
STS 531X1, 31 May 75 



COURSE SECURITY CL ASSl Fi C AT ib N 



TARGET RE-AblN4:; GRAbE-L-EV^L FOR PRE^^- 
ARATION OF TRAINING LITERATURE - 

8^ _ 



LENGTH OF TRAINING 



Jt5 



.Days) 



(CTT) 



Technical Training (TT5 

Classroom/Laborabdry ^C/L) 
Complementary Technlcai Training 

Related Traming (RT) _ 

Standard Traffic Safety Course (Course VII) {APR 50-24) 
Local Conditions Course (Course li) (AFR 50-24) 
Supplemental Military Training (SHT) (ATCM 59-29) 
Sq Commander's Call/Briefings (safety, security, WftPS, UQLT 

briefings) _ _ _ 

End of Course Appointments^ Predeparture Safety Briefing 



m 



tTOTAL 



Hours 



450 
100 

. 12 
2 
20 

6 

: 10 



550 



50 



600 



Effective Date: 



23 September 2975 with elass 750923 



TABLE I . MAJOR ITEMS OF EQUIPMENT 



^ratoers : Demonstrator, Gas Welding 3217, Steel Tubing Welding 3216^ Electrical 
3219, Electric t?elding 3218 ^ Jet Ei^iiie Repair 3215, Welding Torches 2967, Spark 



Tester 4047, e^acetylehe Cutting Applications 4408, Tungsten inert Gas 
Shielded Welding Specimens 4404^ Hard and "Soft Solder Joints 4406. 
Training EqaiaBenfc ; Electric Arc Welding Hachd^es, Spot and Foil Resistance Welders, 
Qxyacetylene Welding Equipceat, Metal Gutter Power Shears, Power Saws, Inert Gas 
Shielded Arc Welding Equipment, Rectangular Dri Bel Bubble, Pedestal Grinders and 
Buffers, Metal Cleaning Equipmenti Heat Treating Furnaces, Sand Blasting Machine ^ 
Drill Presses, Former-Slip Roll^ Hardness Testing Machines, and Tensile Testing 
Machine . 
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REPLAceS PREVrOUS COITIONS AND ATC FORM 44» B. NOV 7? 



OURSE CHART - TABtE li - TRAINiK© COHTB^T 



NOTE: Includi tim© •p^i «t t*chrilcol tr«Uif»« (TT^ (cioi V0*'Vi<^«^OD' JC/L) o«d compUmontory l#cS«Lcoj 'Jioming (C tT)jona r.Jot.d 
frolning (Rt). EkcIu^o Timi i^iot on In^iVJ^udl •»Al**Ofvc« (r«i*<ll«I Instruction). A •i»gU onfry of Umm »K«wn for « iinit (• C/L tJm«. 
WKin o doa^i^^^f^trv^ l i »ho^. ^#^^3 r tiiry li CTT tim»; , 



SKRS PER 



WK 

OF TKC 



i>AY 



Course MateriaJ. - TT i SCIASST FlW 

BLOCK I - Introduction to Ctxyacetyiene 



60 Kburs TT 



Orientation and Study Skills (?. hrs) ; _lletals Processing 
Career Ladder (1 hr) ; edmniunicatibns Security (1 hr) : 
Shop and Flight Line Safety Practices (1 hrl;_Kand 
Tools (1 hr); Operation and tfaintehance of Welding 
Equipment (4 hrs) ; Beads and Lap Joints of Carbon 
Steel (12 hrs); Butt Joints of Carbon Steel (12 hrs) ; 
Tee Joints of Carbon Steel (12 hrs) ; Position Welding 
(12 hrs) ; Measurement and Critique (2 hrs) . 

(Equipment Hazards and Personnel Safety Integrated with 
Above Subjects) 

60 Hours e/L 



20 Hours RT 



teriai - gNCLASSITIED 



64 Hours TT 



BLOCK II - Oxyacetyiene yeiding^ Cuttings 
Solderi:ig, Brazing, and Hard Surfacing 



Mechanical DraT^-ing and Blueprint Reading (8 hrs) ; 

Joints of Heat and Corrosion Resistant Ferrous 

Alloys (7 hrs)| Air_Fbrc_e Technical Orders (8 hrs?; 
Cutting Carbon Steel (5 hrs); .Silver and Lead Sold- 
ering (3 hrs); Air Force Supply System {A hrs); USAF 
Inspection and Maintenance System (6 hrs); Brazing 
Steel and Gray Iron Castings (7 hrs) , Fusion Welding 
Ferrous Castings (6 hrs); Hard Surfacing (3 hrs); 
Measureiaent and Critique (2 hrs) . 

(Equipmiht Hazards and Personnel Safoty Integrated with 
Above Subjects) 

_ 60 Hours C/L 



16 Hours RT 



4 Hours err 
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MODIFICATIOr^S 

o f this publication has ^^^ive) been deleted in 
adapting, this ir,-:;erial for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
arid Technical Education." Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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PLAN Of INJTRUCTiOH (Continued 



■Mii Of INSTRUCTION AND CRIT£P!On SgJECTlvE 



9. lee Joiats of Carbon Steel 

5t^B oxj-acetylcne weldiDi; equipaeat 
ana carbon steel specbens, set (9 tia veld 
tee joiats la the flat position, free of 
r":^er:;jt, o^-erla?, ejccesslv; peaetratloa, tii 
oridatioD for a total cccbiaed dicta^^ce of no 
less than 3/4 of the_ length of the speciaea, 
excluding the first 1/2 inch start erd tiie last 
*'i=lsh- All sho? safety, good house- 
keeping, and fire prevention aeasures ast be 
observed. 



" ;HOORS! 



"LasC'" ^NrRuCTiON NO, 



3iW3i?l 



12 



Support MAT£Ri*Lj *nciouio*nc£ 



Colaa l- Referenc e SIS Reference 
5a 3a, 3b, ife 

instryctional Materials 

3SBS33i31-SC-109. Tee joints of Carbon Steel 

Td34y4-1-S 

^Sdern Welding (Chapter 1) 
' Trslnlr.j', rnuipin e nt 



I Stationary_0xyacetvi6ne Veiding Equlpaht, Cb^iete (ij 

= Trainer: 3217, Oxyacetylene Welded Joints (12) 
Pover.Shiers (6) 
Toolkit (]) 

tralriljy y^^MH 

Dlscusjioa/Deaonstratioii (2 hrs) 
Perfornar.ce (10 hrs) 

In structio nal Enviroa aent/SesiB i 
Classrooci (1 hr) 
Laboratory (11 hrs) 

Instructid nal Guidanc e 

Eq;haBi2e «cldlng safety and fire prevention procedures. Explain 
tequlrerinta for tee joints and joint set-u? procedures. Instruct 
student to nake raxinss use of iiietal cbuiibhs. 



-^23-Sepfe3iber 1575 



rt-OCK NO. 



pacenc. 
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UNITS Of ISSTRyCTiON AND CRiTEfliON OBJECTIVES 



10. Posidbn Welding 



a. CivcQ oj:;/acetyleae veldizig_e(iuipcent 
lind carboti steel spectsss; jet up.aad cake 
fillet velds la Che horizontal _positioa, free 
:f uadercu:, overls?, asd excessive oxidation, 
for a.totai^costined distance of no less than 
of fh* length of rh'^ fr^<*cliaen, ^xclndipg . 
tie. first. i/2 Inch star: r.i the_last_l/2_inch 
finish, AU shop safety, good housekeeping,. 
:r.d fire :reventioa measures nust be obserred. 



b._ Given oxyacetyleue welding equlpi^ent 
and carbon steel speciaens, set u?.and nake 
fillet velds in the vertical position^ free 
of undercut, overlap, and ejicesslve oxidation 



?,o less than 
, excluding . 

:he firfiC 1/2 inch start and the last 1/2 inch 
finish: 



a _to.:al. combined distance o^ 
3/1 of the length of the speciro 



U. Related Training (Identified In course 
chart). 

12, Kessurcnent and Critique 



PUNOFINSfraCTIONtCoRtM 



OUfclitiON 
(HOURS] 



'.*sOP INSTRUCTION NC, 



3A3R53131 



12 



20 



SUPPORT MATERIALS ANO CUIOANCS 



Colam 1 Reference STS Reference 



10a 
iOb 



3a, 3b, llf 
3a, 3b, llf 



Instructional Materials _ 
3.^R531313-SM10, Position Welding 
TO 34V4-1-5. ._ 
Modem Welding (Ciapter 1) 

Statlonacy.feyacetylene Welding. EquipMnt, Comlete (1) 
Trainer: 321?, Oxyacetylene Welded Jbiiits (U) 
Fever Shears (5) 
Toolkit (]) 

Training Methoda 
DIscussion/Deaonstration (2 hrs) 
?crfon;ince (10 hrs) 

Instrucfioft al EnvlronD e nt/DeslRn 
Classroori (1 hr) 
Laboiatory (U hrs) 

Instructionijl -Guidance 



Erhasii^ velding safety applicable, to position welding, Sxplain vclitng 
requireaents for filict velds. Explain j^nt set-up, flisisfi adJusTO^^ 
torch angles, and ioltes pool control, fiaphaslze proper joint set-up to 
cousenre filler rods and gases. 



DATE 



2^Sept€3ber4S^5- 



BLOCK NO. 



PACE NO. 



STC 337* ^^is^^^^1-?7M\^ ifFinolCopf-8<X-8 XiOH) m^ii'M^th^^ 



20 
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PtAHCFINSTRUaiON 



C3US5E TITCd 



Ket3ls Processing Specialist 



^lOC< TITLE 

Omcgtylese yelding. Cutting. Soldering, Brazing, end Hard 5ur_fe_clns 



UNITS CF nSTRuC'ISn aND CRITERION OBJECT'VES 



Mechanical Drsvlng aiid Blueprint Resdiiic 

a, Gltcn shop drivings, diagram, and 
blueprints. .identify and interpret the 
dioinslons for eich visH 7331 accuracy* 

b. Given driving Materials and 3SBR53131- 
jG-2dl, taaice shop drivings and sketches of 
velded asserllies; Drsvliijij nust be vithin 
i/32 inch of study guide dinenslons. 



(HOURS) 



8 

(2) 
(6) 



Coluni I Reference St? Ssference 
la 
lb 



lastroctional.fecerlals .... _ 
3ABa53131-SC-201, Kechasical Draving and Blueprint Reading 

Biueprinc: TA-36, aobile Fiiicg Cabinet 
Charts, Mechanical Drawing 

Drawing Equipoent (1) 

Training Methods 
DiscussloP-ZDescnstration (2 hrs) 
Perforaance (6 hrsj 

Instfuctional Environrent/Deslgn 
Classroon (.5 hrj 
tahoratory (7:5 hrs) 

Instructional Guidance 

Ec^Jhasize the iapcrtance of shop dravdngs to , the welder and have each 
studenl complete the station joint shovn in 3SBRS3131-SG-201. Have 
each student correctly interpret each pm of the drawing. Caution 
students not to nark or vrite on any ti5inlng literature as it is to 
be reused by subsequent classes. Conserve draving paper, pencils, 
arid erasers; 



DATS g^nfAfi^SA^ 't^K 



PAOEHO: 11 



*TC ^, 337 



MtviO\j$-CDlT.0H^O8?0UTC. 



(riflcl Copy-8r»-8X10ii) 
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UNITS OF INSTRuCtiO'^^ND CRITERION C3jsw .£3 

1 


DURATION 
^ (HOURS 


Support MATEf^lALS AND CUIOANCE 

3 


2: Joints of Ilsat s^i Corrosion Kcsistaat 
Ferrous tUoya 

i. Without reference, laeatif? tie types 
ar.a U3CS of h^^t fiiid corrosloa restsuat ferrous 
alloys witn sccuj'*^* 

and heat and corrosio^ reststatit ferrous alloy 
speciDen:, set up ^i veld Up joints, rr^e of 
undercut, oxidation, overlap, and .excessive 
penetration for a w^'^ co^ined dist^^tc of 
r.o less than 3/4 of ti^'e length of the s;cci:in_ 
excluding :he first 0 ^^^^^ start anc :hc last 
1/2 finish, fill shop safety, good.h<5useH^'_c?lng. 
and fire prevention erasures c^y^t be o:ier\'ed; 


7 

(1.5) 
(3) 

(2) 


Solusn 1 Refcrenee- ST: Reference 
2a 12: 
2b IT, 3b, m 
It 32, 3b, 13c 
2d 3a, 3b, m 

ins iructibflal Materials 

3SBR53131-SG-202, JoiiLts of Heat. and. Corrosion Resistant Ferrous Alloys 
lO 3W4'l-5, Welding TTieory snd Application 

Modern Welding (Chapter 18) _ . .. _ _ .. 

TO l-lA-9, Aerospace ^(etals - General Data mi Usage Factors 

Audio tfisuat Aldi 

Slides: Stainless Steel Joint Preparation 
Transparencies; Stainless Steel Joint Preparation 

Traininf5 £^if^ 


. . c. Given ox\'acetncne veldlsg « V-^??^^^^ 
and heat and corrosic^i resistant ferrous alloy 
specimens, set up inS veld tutt Joints with 
1031 penetration, fre«^ of wdercot, o^J^irla?,. 
and excessive oxidati^^ a total conbined 
distance of no less than 3/4 of the specian 
excluding .the first l^^.iJ^^'l.sta^rt andihe last 
1/2 inch finish. KLl sho? aafct}', V^i . 
housekeeping* and fir^ prevention aai^urcs 
mi U obumi' 

d; Given oxydcetylfinei velding ^quipwnt, 
and heat and corrosio^ rcs^st^nt fcrrois alloy 
specloens, m o? m^'^^H tee jolntfi frce of 
undercut, overlap, ^d excessive penetration 
for a total cosbined «!.lstAnce of nc less than 
3/4 of the length of 'he speclrjcn, excluding 
the first 1/2 inch sC^rt and the last 1/2 
inch finish. All sh^^js^^ty, good hcuseieep- 
Ing, and fire prevention rriJasures riJ^t 
observed. 


Oxyacetylene Velding Station CoDplete (1) 
Pover Shears (6) 
Tbomt (1) 

Triinin^- Methods 
plscusslor./Dmnstration (2 hrs) 
Perfoniince (3 hrs) 

Instructional Ecvtronaent/Design 

ClaBsrooifld_hr) 

Laboratory (6 htsj 

Instructional Guidance . __ _. 

Have each student respond to all vritten itess In the lesson. Stress 
shop safety and fire prevention. Discuss the procedures for veHing 
lap- butt, and tee Joints of heat and corrosion resistant ferrous alloys, 
Sphaslzc conservation of netal, filler rods, and welding gases. 
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i»LAS OFINSTR0aiON(C?Wri) 


UNITS Of INSTRiiCTlCii WO CWTESiON OSjECTlVfi 

4 




SUPPORT MATERIALS AND C'J'DA<C 



3. Al: Force Techd-cal Orders 

a, Vithbut reference ^icientify the 
purpose; scope; and application of USA^ 
technical orders vlth 751 accuracy. 



b. teitl::! orders and indi^ec, 
locate specific i:e:S. Tv.*o of che three ite© 
ri-js: be iocaied correctly. 

c. Siven technical orders, read rincl 
interpret technical order aaintwafice dravinjs 
and dlagrass.. ?-p of /three Itcas inust be 
correctly read and l/fcrpretec. 



d: vithout 
procedures for Ini' 
reports. 



reiice; mnu 



Ccl-rn 1 J\cfercace SIS Reference 



(.5) 



(4) 




i 3a 

I -- 

' 3b 

I 3c 
3d 



4b 

i 

4d 



Ingtructidnal ?laterl3ls 
3ASR53131-SC-2d3,. Air Force Technical Orders 
ATCPT S2-<, Air Force Tecl'inlcal Order Sy^te.! 
Branch Technical Order File 

Audio Vls':al Aids _. 

Fila: TF 5S?0, Right the First Tloe 

Training Methods 
Discussion (i_hrj__ _ 
Self-Instruction (1 hr) 
Perfomancc (6 hrs) 



Instruct Lonai Enyironoent/DesiBin 
Ci£9srbbr (2 htii) 
Laboraiory (6 hrs) 

Instruct i onal Guidance _ . 

Stn^ss the icpbrtancc of the proper use of technical drder8_and hanuals. 
Have eich studeat.respond Co the vrltten itcos in.che lesson and 
accbnpllsh ATCPT 52-5, Air Force Technical Order Systesi Use^TO 
00-5-1 anH TO.OQ-S-2, AFTC System and Distribution and Storase of 
AF Techrii:al Crder Svstcn as reference natcrial. 
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?m OF INSTRUCTION [Coriflnvi^ 



DU'ATiCN 



SOPPC<?T MiTSftULS AND CIIIOANCE 



5. Cutilag Corbou Steel 

a. Slthout refcri5j:ce,^'dearify the 
factors pertaicicg to oxyacetyleae cutting 
aerations viih cccirtcy, 

Civta or/:cc tyiwe cutting^equipzrt^ 
asc csrtci ctscl cpecliscnfl, cut up and pcrioia 
cutting cp^ratlr.s free of excessive burr: ^sd 
undercut sec:lc::s .for_a total ccnbiced distance 
of no less than 3/4 of tHej length of the 
speci3<:a. All shop safety, ?.ocd housekeeping, 
and fire prevention rl'asuras l:ust bb ouseTOd^ 



Coluiri 1 F.:f&r^iKe 

^a 

4B 



3a, 3b, m 



Instructional ?taLerlals 
l!^Ri3131-SG-204, CuCwiag Cai'boQ Steel 
TO 3^y4-l-j 

Kc^em Vcldinj^ (Chapters 3 and 4) 
Training S julpent 

0xyacct7ler>: Uelding and Cutting Torch Kit (1) 
Straight Line Cuttlns>Iachine_(l2) 
Oxi'acctylenc t^cldtng Station Coaplete (1) 
PcTi/er Siiear^ (6) 
Tcolkit (1) 

Trainer, Cxyacctylene Ci:ttin? Applications, 4408 (12) 

Training Meth ods 
2i3CUS8ion/L<i;xnstracioa (1 hr) 
PcrfonGoacc (5 hrs) 



ClassrooE (;5 ht) . 
Laboratory (5J hrs) 

Instruet-ional GuiMnce 

tohasis'i safety during the use of cutting equipDen% ind to conser/c 
uAjgcii <-:ju oLiiel plate. 
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PLANOFlOTCTlCK;Coit:nu«l) 



UNITS OF iNSrRl'CTiON AND CRiTCRlCN OBjECTivtS 



3, Sliver and Lead Soldering 



a; Vlthcut reference, tdeatify the 
prl^cijics and techniques of lead and silver 
soldering with 75Z accuracy. 

t. Given ox7?:ctyi2ae vsidtj cquipaent 
and aetal specla^uSi set u? and solder lap and 
tee jdlhts -Hih lOOZ sdheslon, free of 
excessive overlap and oxidation for a total 
coiiried distance of ao less than 3/^ the 
length of the speciaen, cjccludlng the__first 
i/2"lnch start and the last 1/2 iach finish. 
All shop safety, good housekecplnsi and fire 
prevention measures nast he observed. 



DURATION 
- (HOL'RJ) 



$UPP0PT MATERIALS AND GUIDANCE 



Colm 1 ^terenge SIS Refcr e uc e 
53 15a .-. 

5b 3e, 3b. 15^ 

Instructional Materials 

3ABR53131-SG-205, Silver a^d Lead Soldering 

TC.3WR-S _ 

Mern Vclding (Chapters 15 and 16) 

Traiiilng Equipment 

pscyacetyieae Welding Station Conylete (1) 
Pover Sheafs (6) 

Toolkit 111 . . _ __ 

Trainer: Hard and Soft Solder Joints, 4406 (12) 

Training Methods 
Plscussion/Dcsonstration (1 hr) 
Peffomficc (2 hrs) 

Instructtonnl Envlronaent/Deslp 
classroom (.5 hr] 
taboratory (2,5 hrs) 

Instructional Guidance - 
Errphasiss shop safety applicable to soldering operations. Stress the 
requireiiSitts for proper joint fit-up and the proper cleaning of naccrlal 
prior to soldering. Have each student respond to the vrltten ltc^ in 
the lesson, ^phaslze , conservation of high cost silver solder. 



HODinCATIONS 



Pl^j^ l^- fj of this publication has (have) been deleted in 



f 



adapting this mterial for ir.clusion in the friai Iit^lenentation of a 
Model Svstes to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
ii-iiitary forms, procedures, systems, etc. and vas not considered appropriate^ 
for use iii vocational and technical education; 
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PLWGFISSTSUCTIOK tContinu^ 



UNITS OF inStpuct On m crite;?ion objectives 



j . . Given vorkbook dJ^i^'ron 349, 
:c=?letc 12 entries vlt^^p^^accurac:^ 

k. Clvcvfii^t of statecapcto, iceatify 
tic IteafcttalniaE; ro.the saterld dcfickacf 
repci5;i£g s^^^ iith accuricy. 
Vv - - - _ . - 

8. BraziCLg Srccl ad Cray Iron CastlnjI 

a» Wthout_ reference, identify the 
Efichcnical properties .produced by brazing 
ferrous castlagij and ferrous vrougjit products 
vith 751 accuracy. 



b» Given oiyacctylene veldlng equipment 
and gray iron caailngs, set up and 
joints vith lOO: aSeslon, free of excessive 
bxldstibu and overlap for a total coriihed 
distance of iio less than 3/4 the length of the 
spccioinj excluding the first 1/2 inch start 
and the last 1/2 inch finish, m shop safety, 
goad houSfVeftping: and ^Ire prevention ^le^^ures 
nust be observed. 

c: Glvcii oxyacetylene welding ^qulpnent 
and carbon steel specinenS) set up and braze 
butt Joints vlth lOO: adhesion, free of _ 
excessive cxldatlon and overlap for a total 
coabined distance of no less than 3/4_the 
length of the spccioin excluding the first 
1/2 inch start and the last 1/2 incli finish. 
Ail shop safety, good housekeeping, and fire 
prevention Treasures nust be observed. 



9 

?/: 

(.5) 



(4) 



(2.S) 



SUPPORT MATERIAL ANOCUIOaNCC 



cut 01 the nalntenance data colleej;iC3'^^ Have each student respond 
to all written Itess tojhs^^^ accosplish AICPT 52-1, Maintenance 
Hacagepeatj,. Voiu:»ff-Trn^ and V. Me hooc study asalgnacnt to 



STS Reference 
16a 

3a" 3b, 16b 
3a, 3b, m 



oa 
Sb 
8c 



InatrDCtlonal Materials 

3ABR53131-SG-2G8, Brazing Steel and Gray Iron Caatings 
TO 3iW4-l-5 ^ 

TO 3-'.V4-i-7, Fluxes - Welding, Brazing, and Soldering 
yjDdcm Welding (Chapter 16) 



Fila: Braic Velding Beads 
Tr aining Equtpoant 

teyacetyieoi* Welding Station Cbnplete (1) 
GricQcrs M Buffers (4) 
Toolkit (1) 

Training Hcthoda 

Discussion/I^esonstration (2 hrs) 
Pcrfonance (5 hrs) 

Instnictipnaljnvlronnent/Design 
Clas£::o=_(lo hrs) 
Laborato.7 (5.5 hrs) 



Instructional Guldanca 



23 Septezbe: r^?5 



Ecphasize the Inpbrtancc of proper Joint set-ii?, ihoit aajustDent; 

afi^esion; and the use.of f lux* . Have each student respond to all 

written Ittis in the lesson. Make outside assl;ncent to r^ad 3aS:?53131- 
gS-;O0 and .Modern Welding, Chapte r 18* Adrdn istcr appraisal test upon 
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PLASOFiNSTRUCTiON (C»ntinu«l) 



3NITS OF InSTROCTION an5 CRITERION OSjtCTlvES 



DURATION 
- iHOURSj 



Support viATCRiALS and guidance 



9. Fusion Pcldlng FerrouB Castings 

a. Without reference. Identify the 
rypes of cast iron with 7SZ accuracy. 

b. Given cetal specimens and grinding 
equlpsent; set up and Identify cast iron ._ 
??^?i^'8?_^y sjark testing vl_thout_err6r_. AU 
shop safety, good housekeeping, and . fire 
prevention acasures sust be observed. 

c. Given oxyacetylene veldlng eqiii^ 
and Getal specicens, set up and fnslps.veld 
butt joints of gray cast iron, vlth 100? 
peiiecration, free of undercut and overlap for 
a total cpnblned distance of no less than 3/5 
:he length of the specitjien, e-tcluding the. 
firstl/2 inch stt^rt and the last 1/2 inch 
finish. All shop safety, good HouseJcesping, 
and fire prevention ceasures cust be observed. 



J. AN Cf iMrRuCT'ON nd: 



conpletlon cf this assignnent. Saphasizc cnnseri'atlon of brazing rod 
arid fcrreiis -ctal; 
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Coluiai 1 Rifereace 


STS Reference 


(6/2) 


9a 




(.3) 


9b 


ja, 3b, 17b 




9c 


3a, 31), 17c 









(.5) I 3i3R53131-SG-209, Fusion Kelding Fgrroas Castings 
I 10 35W4-1-J 

! jlodem i*'elriins (Chapter 18) 



(5) 



Slides: ferrous Castings 

Training Equtptpgat 
.i Oxyacetylerie Welding Station Cockle te (1) 
Grinding tochlnes (4) 
Toolkit (i) 

Training >i.} thod^ 
DIfcu33ioi?De5onstration (1 hr) 
Perfonnnce (5 hrs) 
Outside Aaalgnffiflt (2 hrs) 

Instrv.ctiond EnvironKnt/Jesign 
Class rooa (.5 hr) 
Laboratory (5.5 hrs) 

Instructiongt Guidance . . 
fcphAsiic the use of known specioens in identification of cast iron' by 
the spirit tnstlng procedure; Monitor the use of safety equipn^jnt 
during tho. spark testing operation and the use of flux during cast iron 
vcldin;. -lekc outside assigrnj^nt to read 3A3!^3131-SG-210 and Chapter 
20» pan 1 thru 20, ^^dcm Melding.. Administer appraisal test upon 
cdmletioD of this asslpient; E5pha5iz€ cot^servcclon of ferrous 
castings find filler rod. 
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?im OF INSTRUCTION lCon«inut(!) 



•JNITS OF INSTRUCTION AND CRITEROn OBJECTIVES 



SUPPORT MATERIALS AND GUIDANCE 

Cal m 1 Raforjo i ^IS: Reference 

lot 3a, 3b, 18b 

19^ 3a, 3b. Ife 

lostracUoml Katerials 
i\BR53131-SWlD, Hard Surfacing 

llfldecn tel^lhg (Qapter 20) 

Or'acety:;(!iic Welding Station Coisplece (1) 
udnders and Buffers (4) 
Toolkit (1) 

Tra ltiag ;!c£hcd5 
Discusslon/Dcconstraclon (1 hr) 
Pcrforsanc! (2 hrs) 
Outside /^slpBcnt (2 hrs) 

Instrjctloaal Ecylronnent/Deslfp 
Classrooi (.5 hr) 
i-abcrator* (2.5 hrs) 

lostructlonai G'^ldance 

^?''?5^?'^J?!?py_^"Li?Si?ii^<iinS. ope^^ ar.d torch flaae adjustaent 
fo:_ hard. surfacing operations; Hake Outside asslgnaeat to read 
3.\5R5313i-!;G-301 and Chapter 6, Ilodem Velding. Emphasize conservation 
of hard surfacing rods; 



10. Hard Sur facias 



a. Without refererce. Identlfv rh? 
purpose, t^'pes, and cischanical.properties of 
hard surfacing materials vith 751 accuracy. 

Given ozyace^leac welding cquipwnt 
and carbcn steel spcclaans, _sct up and pcrf orn 
hard surfacing operations, free cf excessive 
i;adcrcut, .overlap, arid porosity for .a total 
cb2)itied distance of no less than 3/5 the 
length of the s?ccl3in,.excludin| the .first 
1/2 inch start and tie last 1/2 inch finish. 
All shop safety, good housekeeping, and fire 
prevention leisures Eust be obser/cd. 

c^_ .^ll-'^p.i^^^d surfaced speciDens and 

grinding equici^ent, set up, grind, and 
finish hard surface deposit to a scooth. even 
surface no greater than 3/32 of an inch over 
the entire area of the soeciasn. iUl P^op _ 
safety, gc:c housekeeping, and fire prevention 
zcasurcs nust be observed. 



jLi. Related Training (identified in course 
chart) ; 

12; Heasurcaent and Critique 



aiANc: •^rsjCTX.Ns:. 3A3R53131 
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{Find H^iitUtn tt inctu^i ttii 4hou ikntinti 
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COtJPSt: Tit LC 



Hbtcilsi FrQC osgin . ^ Spec ialiot 



..Introdu cfcion to QyyzcctTr lo ne V oidinn 



LESSON TITLE 

Shop and Fll^t Lino Gafoty Pracblccd 



TOT AL 



I hr 



-PO » RnrfRCMCE 



PACE NUMOER 



PACE OATE 

2^ Set) 7^ 



P AirA^.f; Af'M 

I4 



NUMBER 



DATE 



31 J^ y 1 ^ 



SUP E RVtSQg ArPRnVAL 



SIGN ATURE 



_I1A1 



O *-T«: 



EOUf PM E N T j;:_OCAT ED 
IN LAQORAtORY 



— 



_ F OQ t rM,n N T 



Hone 



CrjAPWiC AtOS AND 
UNCLASSiPiEd MA-tERiA4^- 



1. 3ABE53131-2G-lbU 

2. PT_i\irldfiCiental8 
102c 



C^MTC^*IOM OtiJECTlVES .'.fiD TEACHIMC. ST i P'? 



a« Given a list pertaining to gone^ii houscdceepins, idbrrtify pioeodrsias eonsiotcnt 
with safety and fire provontion meaaurGQ IA¥ £FR 127-101 • 

bi Given a list perfcaining to shop safety in thi pfrfonaiance of ro^uirod tasks, 
identify proper safety pibeodures liW AFH 127-101. 



o» GivQn_illU3tKitiono of radiation hazard maikings^ cbrrbctly identify eaoh 
lAW TO OO-llOIf-3. 



di Vithbut ref©i>gnc0^ cbrroctly identify fli^it lino safety Imzards and precautions 
litW APR i27-iP±. 

e« Given health and BaToty oi^tiipmont, corrt3otiy utiiizo thb eqipcaent JaT itfS 
127-101 • 

^aching stepa are listed in fart II* 
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ATTENTICN: 



EEVIEW: Security cladsifi/catidrii identity of cla£JsificcL information; transmisdion 



of classified information; voice cbcaialirlicatibris security. 



0VEE7IEW: Shop end fliglit line safety; fire prevention; identification of 



radioactive parts and materials; to^e of health and safety devices. 



l7 Practice general hoxicekeeping con- 

Bistent TO.th safety and fire prevention. 

a. Keep machines and floors clear. 

"b. 16 not leave scrap behind shears. 

c; Use proper cans to discard scrap. 

d. Keep your vork area clear. 

e. Eliminate fire hazards. 

(1) Jib rags or other combttstible 
material in area. 

(2) Kd t)Ooks or piaper on worlc 
table. 

f i Jjocation of fire extinguisher 

g. Phone number, base fire department 

h. No flammable materials in open 
containers. 

i« Smoking areas 



BODY 



TIME: 



1 




j. Electrical hazards 

(1) Equipment grounded 

(2) No frayed or bare wires 

(3) Equipment properly fused 
Shop Safety 

a. axrango hoses and arc welding leads 
neatly 

Com'biasti'ble material containers 

(1) Flush 

(2) Steam 

(3) Electrically gro\mded 
Ci Hot metal 

(1) Mark hot 

(2) Time 

(3) Quench * 

d. Fire extinguisher in immediate 
area 

e • Cylinders 

(1) Storage 

(2) Marking 

(3) Handling 

f . Keep tools not in use in proper place 

g. Store metals in rack 
h» Shop area 

(l) Clean 
• (2) Well lighted 
(3) Well ventilated 

2 

39 



Haiicihgs applicable to radioactive parts, 
material^ and areas; 

a. The primary purpose of the various AJTO 
Poi3n-9 placards and latels is for 

identification purposes as 

described; 

b. All signs display the distinctive magenta 
insignia against a yellow background with 
black block type. 

c. TO 00- HON- 3, Requisition, Handling^ 
Storing, and Identification of Eadibactive 
and Radidactively Contaminated Hateriai; 

Observe flight line safety hazards and 
precautions 

a. Insure that es^ldsive hazards do not 
exist. 

b. Base fire warden will decide Aether 
welding will be performed when fire 
hazard exists. 

c. Have fire extinguisher in position prior 
to weldiTig. 

d. Weld on aircraft only in case of 
emergency and only by special pemissicin 
of Chief of Maintenance arid Fire Warden. 

e. Weld in designated safe area. 
Utilize health and safety equipnent 
a; Protective clothing and equipment 

(1) Use of guards on machinery 

(2) Clothing suitable for job 

(3) Eye protection 

(U) Select the right tool for the job 

(5) Ventilation 



3 



^0 




ii Student will review end cbmplet« 



i.- Student must answer correctly 755© of all 



COircLBSIGaT Tir-E: 10 Min. 



STJMMAEY: 

I* Safety and fire prevention 

2. Shop safety 

3« identification of radioactive parts and materisls 

k' Plight line safety 

5« Use of health and safety devices 

ASSIGlttffil^: 

n 

1. Heview notes 

2. Seview 3i3t^-^-3(3i - SG-.102+, Shop and Flight Line Safety Practices 
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LESSCN TITLE 
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CLASSROOM j/T ^a^ rni^QTy 



Li;S50N DUPATION 



TOT AL 



PAGE NUM3ER 
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PAGF. DATE 
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NUMDEP 



DATE 
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SUPERVISOR APPROVAL 



SIGNATURE 
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-PRf Ct AS^PREP_^RATI0r4 



EQUtrMENT.LOC At Eb 
IN LAbORAtORY 



T'OutrM i: NT 

FROM SUfM^L V 



CL AS^ilF ICO M A r r Rt AL 



.G RA^:* HJ C_ Ai 05 Ai^o 

IJN CC ASriiriED MATFPiAC 



2. Chart: Sypoa 
of rilOi3 



CRI TERION OI\J ^Ct(VE$ AND TCACHiriC STF'PS 



a. Given a toolkit, select and demonstrate the proper use and care of hand tools 
without error. 



b. Without reference., identify the proper storage procedures for shop equipment 
and materials with 75% accuracy. 



Teaching steps are listed in Part II. 
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^ ' IlJTRbFJCTIOK TSS: Id mn. 

ATTENTION: 



iSVIBW: Safety and fire prevention; shop safety; identification of radioactive 

parts and material; fli^t line safety; use of health and safety devices. 

O^HVTEW: Select^ proper vse, and care of haridtools. Storage of shop eauipQent 
and materials. 

MOTIVATION: 



BODY TBffi: 



PBESEHTATION: 

1. . Select \ise and care of handtools 

a. Hack saw 

pit (l) Types of franes 

(a) Fixed frames 

(b) Mjtista.bie fraae 
(8) Blades 

(a) Teeth per inch 

(b) Kind cC teeth 

(c) Selection of blade 

(d) Cutting speed 

b. Classification of files 

(1) Name 

(2) Grade 

(3) Cut 
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' c'i Parts of a file * J 

(1) Tang 

(2) iioei 

(3) Faoe 
ik) Length 

(5) Edge 

(6) Tip 

d. Correct usage 

(1) Speed 

(2) Pressure 

(3) Cleamng 

e. Safety precautions 

f • Cold chisels ---^ 
(1) Uses ^ 
(a) To cut metal 

g. Type 

(1) Cape 

(2) Flat 

(3) Bound nose 
{h) Diamond 

h. Caro 

(1) keep properly ground 

2. Store shop equipment auid material 

ai Compressed gases 

, (1) Ox5^gen and acetylene cylinders 
stored separately. 
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(2) Stored in cool drv area 

(3) Cylinder shall be secured in 
an upright pcsition 

(U) Hark cylinders W when empty 

(5) fendie cyiindeirs with care 

Tolatile fluids 

(1) Used waste, rags, and other 
comtustitie material shall be 
placed in covered metal cans 

(2) Separate cdntaineirs so.maiifeed 
are used for oil or paint soaked 
rags . 

(3) Covered metal containers are also 
provided for clean rags. 

APPLICATION: 

Student will select and demonstrate the 
proper use and care of handtools. 

Student_will review and cbmpiete 
3ABR53131-WS-105 

EVALUATION: 

1. Student will select and demonstrate the 
proper use and care of handtools without 
error.- 

2. Student will answer questions with 7590 
accuracy- 

COITCLUSIOII THE: 10 flin. 



SUMMAHr:__ 

1. Review selection, use, and care of handtools. 

2. Storage of shop equipment aztd materiais 

ASSIG13ME1JT: 

1. 3ABR53131-SG--106, Operation and Maintenance of Welding Equipment 



^ . 3 
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_ _ . _ -■ ■ 

i^. Road TO 3[jWi4-l-5» Weldins Theory and itppiication, Chapter 5, para 5-1 
thru 5-15. 

2 Modorn Welding Handbook, Chapter 2j para 2-1 thru 2^35. 
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PRECLASS PREPAR A TION 



EQUIPMENT L O C ^ T E D 
IN LABORATORY 



. EPUIPME.NT. 
FROM SUPPLY 



CLASSIFIED MATERIAL 



GRAPHIC AIDS AND 

SIFIED MJktEj R i AL 



1* rbrfeabio oaarBoa*^- 
10230 wldin^ og[ui.pnont 
comistin^ of 1 cart, 
1 ggyEon cyl i rdor, 1 



2ool2r±t 



JTbnb 



tordlx olitfit f regular* 

tors aod Ix^sea* 

2m Statibnaiy wldirc 



U 3fiBR53131-SG-lQ6 

3# liDdorn Ifolding 
^Cnii3)ter _l & 2) 
Filmi A<y tistiiig_ _ 
Gas PrQ38vtre3 With 
Tbrbh Talvo3 bpezx 



oont oa rov o rgQ) 



CRITERION OBJECTIVES AND TEACHING STEPS 
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a* Given osyticetylc5n9 vpl^li^ig Oj^aipaontt. ODScriblo end oporato qsyocotyloDQ "selding 
0(iul|aEHmt lAW TO* All Dtop oafoty, ©D^^d houodkODping, end firo prevontion laeasures 
nust bo o1X3brvdd» 



b# Sivon bxyadbtyienb \fflblQ bbsbr^in^j all shop bafetyt fipbd bcruso- 

koopingy cosd ftrd provontion 2ii3cu3iu?03| t03t Qpp3xatu3 fbr qqs ilor3c3 SO* 

o* Givon osyocotylorto ^jeldln^ oguipnont, while otoervinG nil olioj) safoty, good hoiise- 
keoping, arid firo pravdntion noantirODi adji33t torch for proper t^lding flaaiOQ lAW 
TO. 

d* Giron oyyTOotylonb wl ding bQtd.io3nt» i&ilb obsorvin^j all eafbty^ QyD&^^'mo^ 
keopin^f and firo provontion noasuroOf oioso down and dtsonsombio voiding appasratus 
^. iftWTOi 



w. .Given osgracotylono voiding eijuipncint^ vhilo oboorving all ohop Qafoly, gpod iou3€H 
keoping and firo nrovention meadurooi perfoszi oporator zaaintenance on elding . - : - 



FdRM- 
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Teach 1 Tig otopo are lid tod in Part II • 



<f CPO? 1972 779-3>«/»i 



•NtRdbueTldN 

TIME: 10 Min 



ATTENTION: 



REVIEW: School objectives: Career ladder: Security: Shop and flight! ine 
safety: Hahdtools. 

OVERVIEW:Assemble and operate welding equipment: Check for leaks: Adjust 
for proper flames: Close down and disassemble welding equipment: 
Operator maintenance on welding and cutting equipment. 

MOTIVATION: 



BODY 



PRESENTATION: 



!• Assemble arid operate oxyacetylene 
welding equiprrtent. 

a. Welding equipment in general. 

(1) Stationary or portable 
stations, 

(2) Regulators. 

(a) Single or two stages. 

(b) Hoses 

(c) Torches 

(d) Tips 

(e) Gases 

J_ Oxygen 

£ 99% pure 
2- Acetylene 

a Compound of carbon and hydrogen. 

^ Stable at ]5 psj 

'48 
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£ 29.^ PS I becomes self 
exp 1 0S i ve . 



^ Acetone is used to absorb 
high pressure. 

£ Absorbs acetylene 25 
times its own volume. 

Acetone will discharge 
with acetylene gas un- 
less allowed to stand 
in an upright position. 

(f) Cyl inders 

J_ Cbh tents 

2_ P ressures 

3_ Safety features 

M Storage of cylinders 
Assembly of portable unit 
(1) Necessary equipment 

(a) Cylinders 

(b) Regulators 

(c) Hoses 

(d) Torcn 

(e) Tip 
Operation of equipment. 

(1) Proper procedure for adjust- 
ing regulators. 

(a) 5 lbs for acetylene 

(b) 10 1 bs for oxygen 

(2) Lighting the torch. 

(3) Shutting down. 



2. Test apparatus for gas leaks 

a. Method used for checkmg is 
done with soap and water; 

b. Leaks in the welding hose 
can be located by immers- 
ing the hose in clean water 
using normal working pres- 
sures. 

3. Adjust torch for welding flames 

a. Ration of gases . 

(1) Neutral 1-1 ratio. 

(2) Oxidizing 1 1/2 part iDxygen 

(3) earburtzing 1 A/1 part 
acetylene 

b. Lighting the torch 

c. Types of flames and temperatures 

(1) Neutral 5850 degrees 

(2) Oxidizing 6300 degrees 

(3) earburizing 5700 degrees 

4. Close down and disassemble welding 
apparatus. 

a. Turn acetylene off first 

b. Then oxygen. 

c- Open torch needle valves dtie 
at a time and bleed the hoses 
and regulator 

d. Close the torch needle valves. 



e. Turn the regulator adjusting 
screwi> cbuntercl bckwl se to 
relieve the pressure on the 
diagram. 

f . Hang the torch and hose up 
properly to prevent kinking 
the hose and damaging the 
torch. 

Perform operator maintenance ori 
welding and cutting equipment 

a. Faulty regulator 

(1) Leakage of gas between seat 
and nozzle. 

(a) Gradual increase in work- 
ihg pressure 

(b; Defective bourdon tube. 

b. Maintenance 

(1) Test regulator valve seat 

(2) Test for leaky connections 

(3) Correcting leaking valve 
seat 

{M) Correcting leaking cchr.ec- 
tions 

(5) Repairing ieakihc diaphra:n5 

(6) Repairing leaking torch 
val ve 

(7) Cleaning torch tips 

(8) eieaning clogged tubes 

(9) Repai r of hose 
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Practice shop safety in perfor- 
marice of required tasks. 

(1) yse goggles wtcn idOKfrg 
di rectly at f Ic.^r,, 

(2) Wear protective clothing; 

(3) Get tools heeded from kit 
then close box, 

{k) Never leave torch burning 
while hung on hanger pro- 
vided bh bench. 

- - > 

■5) Always turn off the acetylene 
torch valve first, 

(6) Handling materials and equip- 
ment 

(a) tifting 

1^ To avoid strains, sprains, 
and hernias due to impro- 
per lifting, levers, jacks 
and other moving equipment 
shall be used to move 
heavy equipment. 

2 If lifting must be done 
by handj obtain help to 
avoid strains. 

-3- Stnad close to the load 
and 1 ift with the legs. 

(b) Handling 

X Finger rings shall not 
be worn when handling 
or storing material. 

2_ Gloves shall be worn 
when handi ihg sheet 
stock. 



APPLICATION 



Each staScnt will perform the fbllbwlhg. 



1. 



Assemble and operate oxyacetylene welding 
rig. 



2. Test apparatus for gas leaks 

3. Adjust torch for proper flames i 

^j. Close down arid disassemble welding apparatus 

5. Perform operator rr.a i riteriarice 
on welding equipment 

EVALUATION: 

1. Student progress will be checked during 
set up ef equipment for proper procedurci. 

2. A.5sjstance will be given when necessary. 

CONCLUSION: " TIME: 10 M 

Summa ry : 

1. Asssrabling and operating v.'eldlng equipment. 

2. test apparatus for leaks 

3; Adjust torch for proper welding flames. 

4. Close down and disassemble welding equipment. 

f_ _ __ __ __ 

5. Perform operator maintenance on v/eldirig equipment. 

ASSIGNMENT: 

1 . Review notes 

2. Read 3ABR53230-Sb- 1 07 , Beads and Lap Joints of Carbon Steel 

3. Answer questions In 3ABR53230-WS-1 07 . . _ . 
TO 3W*-l-5 V7ejding Theory and application para 6-1 thru G-M. 

5. Modern welding para 1-1 thru 1-3^. 



ERIC 



6 



53 



APPROVAL OFFJ^CE AND OATilj* ^ 



i XJRSE_NaMOE' 



Cau??G^E TitLE - _ _ _ - 

RetaZs Pxocesslji^ Specialist 



BLOCK NUMOER 



BLOCKjriT^LE 

intxodSaction to O s yac etyieno Veidins 



WESSON TITLE 

Beaflg and Lap Joints of Carbon Steel 



CLASSKQOM /baboratoiy 



LESSON DURATION 



10 hro 



TOTAL 



12 hxs 



PACE NUMOER 



PA3C DATE 

_ 23 So^ 15 



PAn AGHAPH 



_SX4U C-T S-R^^ E r J C E — 



NUMBER 



DATE 



IS 



SUPCRViSdR APPROVAL 



SIGNATURE 



-OATc 



PRlCLASS PR£PAr?AT;Or; 



eoUiPmenT located 

I IN LAeORAtORY 



1» Stctj.021SZ3r GtuJT- 
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2. _Povdr Shears 
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equipmcint 

FROM 3'JPPLY 



Classified matepial 



. . _ _G R A P HJ C A 1 ps_ AN 0. _ 
U NCllASSlFlED MA T _Ef< t A L_ 



1 5mii3i3i-^U-iUi 
2. 3ia;H53i3i-Ho-ioo 

(Chapter i} 
rilni Wold Bonds 
Ugisig Illlo-_Itod3 
Filai llan© Effao 
oh Holtbn Po ol 



CRITERION dnjECtivES AND TEACHING STE?»S 



(cbnt on leTrarooj 



a« Giv©n_a_liot of types of carbon otoQl^ idontif^ tbo pxoportioo gM ucea of oaoh 
with cccurccy# * 

Givon powr equipnbht^ -orporatc cqxii^intp end cut r^tal to ptxi3y guidd flpooiflpcr- 
tionsi Ml ohop cafoty^* G^d housdroopins^ and fiso provantibn aaaaoizros siudt Ipo 
ohooxTod* 

0* Given oz^acotylono t/dlcling oquipnent ctnd carbon stool spaoinonsi sat up void 
boads bh bhbbt stbbl^ ficb of oxobdsivd ^nctration^ oxitotion^ o'^orlap, and 
ladercut for a total becibinod diatcJ^b of rb leop then tto Ipnfc'tli of tbo 
specl^n^o^obiudinc tho fi^t iiK^h ot^ end thb loot ^ inch finish* .Sll chcg) 
nafcty, Eood houBefcoepinj^i msi fixo prGVcntibh abasturbs nust bb bbebrvbd. 

d. Civtjn_ oaycbbtyiene woldi^ ocjiiipmont end carbon stoei obcot opool^nsj sot ^ ffiitd 
wold lap joints in thb flat pccition, frco_of oscosei-ro penetration, tmdorcut^ 
brf»datibh# and ovbaSLap for a total boabiii3d didtcmcc of no loss tlian 3r/h tbo 
ibnsth of thb spbbiaon exoluSlx:^ thb fiist J inbh start and thd last iizoh- _ 
All shop sofotyi good housoSoopinc and fiscb pxbvbntibn n^eaduros aruat bo 
oboorTcdT 
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Teaching stbj» cro listed in Part TL. 



GRAPiEc libs Airb 

I3>< CLA S Sir iEI) M ft^TEHI fl li 
(cont) 



Film: Lines of fcsion 
Besds Without 
Bods 

Tllmt Fillet ^eld^ 
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_ IKTFiODUCTlO:! 

P 

ATTENTION: 

HE7IEW: Assembling and operating weidins eqtupment; test for gas leaks: proper 
welding flames; close do^vn and disassenble welding equipment; operator 
maintenance on welding equipment. 

D^KVIEEW: Characteristics arid uses of carton steel; setup arid weld beads; welding 
lap joints in the flat position; operati^ig power equipment; preparing 
metal specimens. 

I'lOTiVATION: 



TBE:' 10 Hin. 




PKESEKTATIOH; 

i. Characteristics and uses of carbon 
steel 



Three types of carbon steel 

(1) Low carbon .OO8-IO3O 

(2) Med carbon IO3I-IOU5 

(3) High carbon iQhB-0o 

Characteristics of carbon steel 

(1) * Weldability depends upon carbon 
content 



As carbon content increases 
weldability cecreases. 



(3) Carbon is a hardening agent used 
in steel to make it more stronger 

Uses 

(1) Weapons sjebeirs 

(2) Transport at ion 
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(3) Home 

ik) industry --^ 
d* Properties of metal 

(1) Heat conductivity 

(2) Expansion 

(3) Contraction 

e» Controlling expartsidn azid contraction 

(1) Fixtures 

(2) Strtsss relieving 

(3) Amount of heat 
ik) Welding seouence 

f . Strength of welded joints 

(1) \leld metal deposit 

(2) Type of joiSt ' 

(3) Size of the weld 
Location of the weld 

(0) Operator skill 

g. Tercdnolosy 

(1) "T" thickness of the base metal 

(2) Fusion zone 

(3) Hoot 
ik) ThrocTt 

(5) Weld reinforcement 

(6) Pace 
• • (.7) Toes 
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(8) Leg (lap joint) 



(y) Peiiot ration 
h» Welding methods 

(1) Forehand 

(2) Backhand 
i» Filler rod 

(1) Somposition 

(2) Size 

(3) Purpose 

J. Welding tip size selection 

(1) Thickness of the "base nietal 

(2) Keat conductivity 
Set up and weld 'oeads 

^ a. Joint preparation 

(1) Remove scale, rust, oxides 
from inetal, to keep impurities 
out d.f the veld. 

(2) Burrs must be removed from 
edges 

(a) Grinders 

(b) Files 

(c) Position plate 
b. Beads without filler rod 

(1) I^eutral f.lame 



(2) 



Molten pool (2i;80-2750° F) 



(3) 



Slight circular motion in 
direction of travel 



Bead width 



3 
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_ ' c. Beads with filler rod 

^ / s 

(1^ Neutral flame 

(2) Itolten pool 

(3) Add filler rod to leading 
edge of molten pool 

(it) Novo torch from side to side 

Forehand method 

(a) For metal up to thick 

(b) fereh angle 60°" in the dire:- 
tion of travel 

(c) Filler rod 
d. Bead specifications 

. (1) i/16" - 3/32 thick metal 

(2) Bead ^?idth 2-U T 

(3) Penetration 2Sfo - 5C^ 

{k) Keinforcenent IT max. 

Set up and \^id lap Joints in the fiat 
position 

a. Types of lap joints 
(1} Single fillet 

(a) V/eldod on one side only. 

(b) Docs not dovelcp full strength 
hut is stronger than a butt vedd 
on some applications. 

(c) l-Zhen tubing or framer overlap or 
telescoped together the lap 
joint is preferable to the butt 
3 Clint • 

• • (2) Double fillet 

(a) Voided on both sidoa 

u 
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(b) Suitable for more severe 
load conditiono then 
single fillet lap aoint. 

(c) Bbeb develop fiill strength 
of the base meta3.. 

^3) Joggled lap ^oiiit 

(a) Used when metal must be 
kept on the same plane. 

(b) Difficiilt to prepare- 

(c) Produces a greater, stireii^-th 
than the single fillet lap 
joint • 

Welding specifications for lap joints 

(1) Fusion zone 

(a) The area bi* weld inetaj. 

vhich has penetrated be;yond 
the original surface of the 
base metal. 

(2) Le^_~ yf^^er, e%ual tc base 
metal (1T^_ 

Lover, 1^ T 

(3) Eoot 

(a) Portion of the -^-eld netai 
deposited at the bottom of 
i:he joint.. 

(it) Toec-, good fusion. 

(a) Locabed at the edg^s of the 
weld face. 

(b) Without undercut or ovcalap 
(5) Face slightly cbhvcxed 

(a) ^j.ter surface of veici face 
f5) Penetration 



(a) 30 to 50% of thielaiess. 

(7) Throat 

(a) i? 

(b) The distance through the center 
of the weld from the root to the 
face; 

(8) 0n metals of different thickness, 
base specifications on lifter 
metals 

Procedures for lap joints I/8" or less 

(1) eiean and deburr 

(2) Overlap plates k-S T- 

(3) Tack at 1^" intervals 
ik) Check fit up 

(5) Forehand method of welding 

(a) Torch angle 6b degrees in 
direction of welding. 

(b) Filler rod h5 degrees 

(6) Pre~heat metal plates - 

(a) More heat on bottom plate; 

(7) Add filler rod in upper edge 
of molten pool. 

(8) Keep molten pool centered_ 
between both sheets of metal; 

(9) Determine speed of travel by- 
size of molten pool. 

Welding faults 

(1) Excessively concaved bead 

(a) Too much heat 

(b) Not enough filler rod; 



(2) Excessively cbhvexcd bead 
(a) Not onough heat 

' (b) Too much filler rod 

( 3) Undbrcut 

(a) Usually at toes of welds 

(b) Wrong toioh angle. 

(c) Overfieatihg 
{k) Overlap 

(a) Usually at toes of velds 

(b) Underheatin^ metal 

(c) Improper addition of filler 
rod 

Ij.. Operate power equipi?.ent 

a, Qne operator at a time. 

^ "b. Remove ail jewelry 

c. Material will be placed ujider hold 
dcvm. 

5« Practices safety, in operation powcsr 
eq\iipi2cno and welding equipment 

a. No horse playing or running allowed 

b. Secxire proper gi'iard on grinders. 

c. Keepi machines arid floor clean. 

d. Ghack for electrical hazards, 
c. Secure- oxyacetylene ri-j. 

6. Utiliz«^ health antl safety equipment 
a. Protective clotliing and equipment 
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(l) Udo of guards on machinery 



Clothing auitabie for 30b 
(3) Ey^ protect ion 
APPLICATION 

1, Given materials and equipment for stringer 
beads and lap joints^ the student will: 

a. Prepare joints for welding 

b. Weld joints to specifications 

2. Students vill observe all safety pre- 
catttions during accomplishment of project. 

EVALUATION: 

1. Students projects v;ill be checked during 
layout^ and welding for proper procedures* 

2. Assistance will be given when necessary. 



SUmUCI (Day 2 - 2 Hrs) 



ESD of bay Sm-E-IASY 



1- 



2. 
3- 

5. 



Chagract eristics and lises of 
cartoon steel 

Welding procedures 

Welding faults 

Specif icatiph3 on welding beadB on 
plates and lap joints 

Operate power equipment, piv^pare 
metal opeuimens 



ASSiGiaEIIT: 



i. Review notes of classroom"^ 
discussion. 



2, Review 3AER53230-SG-107 and 
3ABR532 30^^^-107. 
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^ 3. Review TO ^k^k^l^S para 6-1 

^ ^ thru 6-11 

k* Review Modeiri Welding Handbook, 
para 1-1 thru 1-23 

DJTROBUSTION TO NEW HAYS IIJSTRUCTIDIT 

(Cont'd Day 3, 6 hrs) 

1 . Remo t ivatioh : 

2. Review: 

a. Characteristics and uses of carbon steel 

b. Set up and weld "beads 

c. Set up and weld beads in the flat position 

d. Operate power eq^uipment and prepare metal specimens 

3. Check home woiic assignment. 
JffiPilCAIION: (Cont'd) 

Refer to objectives 2,3jij 

1. Given materials and equipment for 
stringer beads arid lap joints the 
student will: 

a. prepare joints for welding. 

b. weld joints to specifications. 

2. Students will observe all safety pre- - 
ca-^ions during operation of power 

equipment and preparation of metal 
specimens . 

B7ALUATI0N: 

i. Student project will be checked for 

proper welding procedure and preparation. 

2. Assistance will be given when necessary. 
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EKD OP DAY SDl-IIlARy 

SUMMARY (Day 3^ 6 hrs) 1. Welding beads 

2i Set up and welding of lap joints 
in the flat position 

3. Opierating power equipment and 
preparing metal specimens 

• ASSlGJaSEHT: . . . . . 

1. Review notes taken in classroom 

discussion 

2. Review 3ABR53230-SG-107 and work 
sheet. 

3. Review TO 3Uwi;-l-5 pa^a 6-i thru 
6^11 

if. Review Modem Welding Handbook 
para 1-1 thru 1-23 

INTRODUCTION TO NEW DAYS INSTRUCTION 

(Cont'd Day U, U hrs) 

1. Rembtivatidn 

2. Review 

a. Welding beads 

b. Set up and weld lap joints in the flat position 

: c. Operation of power equipment, metal preparation. 

3. Check home work assignment 
APPLICATION: (Cont'd) 

Refer to Objectives 2, 3, U 

1. Given materials and equipment for 
stringer beads and lap joints, the 
student will: 

a. prepare joints for welding. 

b. . weld joints to specifications. 

19 
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students will observe all safety pre- 
cautions during operation of power equipment 
aiid preparation of metal specimens. 



1. students projects will be checked during 
layout and welding for proper procedures . 

•2. Assistance will be given when necessary. 

CONCLUSION THE: 10 Min 

SUfHiARY: 

1. Characteristics and uses of carbon steel 
?. Set up and weld beads 

3. Set up and weld lap joints in the flat position 

tf. Operate power equipment and prepare metal specimens 



ASSIGl^MEKT: 

rs 

1. Read 31BR53230^SG^108^ Butt Jdi^^: of Carbon Steel 

2. Answer questions in 3ABS53230-VS-108 

3* Read TO 3UWl4-l-5j Welding Theory and Application para 6- 7b. 

4. Read Mcderr. Welding Handbook, para 1-20 
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LE::^^^bM PLAN ( P«rt», GchPfoi) 



^^^^ 




I 



5 l?rdcessins Specialist 



Butt Joteto of Carbon S te9l 



CL AssRcoM /Laboratory ' 
D a D 2 hro/r>Brf . 10 



Complementary . 
None ■ 



t O i" A L 



12 hxs 



PACE 



23 Sep 75 



8 



2PS 



31 Say 75 



-iiGM A TUNE. 



p A r f 



1 In l At>or» cry 






!• Stationary Oxy- 




None 


acetylene Welding 


Toolkit 




Equipment , 






Complete 






2. Trainer: 3217 






3. Power Shears 







1. 3ABR5_3131-SG-108 

2. TO 34W4-l-5_ 

3. Modern Welding 
(Chapter 1) 

4. Slides - Butt 

5. Film: The Square 
Butt Joint 



a. 



Given oxyacetylene welding equipment arid carbon steel specimeris, set arid weld 
Butt joS?s iri the flat positiori, with 100% perietration free o uridercut overlap 
and excessive oxidatiori for a total comb iried distarice of rio less thari 3/4 the 
Setfi of the specimeri excluding the first 1/2 inch start and the last 1/2 inch_ 
finish. Ml shop safety, good housekeeping, and fire prevention measures must be 
observed. 



Teaching steps are listed in Part II. 



IKTROnJCTION 



TIKE: 10 i-iih. 



Characteristics and. uocs of carbon steel;., rnctal pit.rrparatibh; vcldihfj 
beads; setup aaid weld lap joints in the flat p:>::itioh; woldinj^ 
teCTinbib^; operatrng power equipment: weld becid specifications. 



. OVEH7IE>7: Preparation and sot up of ir.etal for a butt Joint; tj^-pes of butt 
goints; welding tochniquo; veld bead specifications. 

MOTIVATION: 



EBVIEV?: 



mm TBS: 

PSESEITTATIOIh 

i . ^ Joint preparation 

a. Renovc ail scale ^ rust^ and 
oxides from the Tuetal surface 
_ tc keep imTDurities out of the 

v/eid. 

\>. Burrs must be removed fron edges 

(1) Grinder 

(2) File 

c. ThiCiuiess of metal 

(1) 1/8" driest no beveling 
required 

(2) Over 1/8" bevel one or both 
sides 

(3) Single V 
ih) Double V 
(5) Sin^-le U 

. (6) Double U 
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^ Set. up 'arid veld "butt joints in the fiat 



B. Edges on the same plane 

b. Support plates with edges between 
fire bricks 

c# Rigid butt joints 

(1) Space 1 T 

(2) Tack at 1^" intervals 

(a) Keep tacks small 

(b) Check alignment after tacking 

(c) 100^ penetration 

(3) Use horse shoe method 

(a) Repeat process as filler 
rod is added 



Open butt joint 

(1) One tack is required to hold 
sheets of metal oh the same 
plane • • 

(2) Space front edges 1*^ and back 
edges. IT plus ^" per foot of 
seam length 

Welding procedure 

(1) Clean metal 

(2) Neutral flame 

(3) Use forehand method 
Torch angle 60 degree 

(5) filler rod kS degree 

Inner cone i/16" above molten 
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(t) Dip fiiier rod in center of 
jjrs^ molten pool 

f • Weld toad specificatibhss 

(1) Height of reinforcement 75% of T; 
(.2) Width, of reinforcement 2-4T 

(3) Penetration IQOfo 
{h) No undercut 

(5) 1^0 overlap 

(6) Even contour 

(?) T2.per gradually into base metal 
at the toes of the veld 

3. Operate power equipment 

a. One operator at atime. 

\>. Remove all 30\re^ - 

c. Material will be placed under hold 
dovm clamp 

i^.. Practice shop safety in performance of 
required task 

a- lib horse playing or running allowed 

b. Use guard on machinery 

c. Proper clothing for protection 

d. Wear proper eye protection 

5. Practice general housekeeping consistent 
with safety and fire piotection 

a. Keep machine and floor clean. 

b. Bo not leave scrap on shears 

c. Keep work area clean 

d. Elinihatb fire hazards 



o 7n 
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_1 (l) No rags or other combustible 

material in area. ^ 

(2) Use proper container to discard 
scrap iii. 

APPiieATION; 

1. Given materials and eouip^ent for^ 
welding butt joints the student will 

a. prepare joints for v;elding. 

b. weld joints to specifications - 



2« Students will observe all safety pre^ 

cautions diiring- accoiiiplishmenfc cf project. 



1, students projects will be cfiec:ceci 

during; layout and welding for proper 
procedures . 

2. Assistance viil be given vheri riecesears^- 



SUIMAEr: (Dey U. 2 hrs) 



1. Joint preparation 

2. Sfet tip 

3. ¥elding prbceduress 
if. Bead specifications 

1. Review notes taJcen during ciaos- 
rbdm hdurc . 

2. Review 3ABR53230-SG^108 and wrk 
sheet . 

3. Review TO 3ljWi^-i-5 

J+. Review Kodern Welding Handbook 
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liJTRi^ijBTION TO 1?EW DAYS INSTHUCTIOII 

(Goht'd Day St 6 Hra) 
i; Roinotivatioh 

2. Heviow 

Joint preparation 

b. Set up 

c. Welding procedures 

d. Bead specifications 

3. Check home voBc assigrunent. 
APPIiICATlOlI: 

Refer to Gboective 1 

1.; Student will be given material and 
equi.pinent for welding butt joint* 
Stixdent will perforai the following: 

a. Prepare joints for welding. 

b. Weld o^ints to specifications. 

2e Students will observe all safety 

precautions during acccmplishjiiont of 
project. 

EVAiTIATIOlT: 

1. Student project will be checked for _ 
proper welding procedure and preparation. 

2. Assistance- will be given vSen necessary. . 



5^ 
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OF DAY SUrZ'JlKr 

SroSiAKY (Day 5, 6 Hrs) 



1. Joint preparation 

2. Set up 

3» Welding procedures 
Bead specifications 

ASSIGIS'3in?: 

!• Review notes taken in classroom 

2. Read 3ABH53230-SG-108 and work 
sheet . 

3. Review Tg 3UWU-1-5 

i;. Review Hodem Welding Handbook* 
liJfRGffiFef IGJT 50 i'S'^f SAYS STSTRUCTION 

(Gont'c Bay 5, if firs) 
_ 1. Remotivaticn 

2. Review 

a. Joint preparation 

b. Set up 

c. Welding procedured 

d. Bead specifications 

3. Check home woi^ assignment 



APPLICATION: 

Refer to Objective 1 

i. Given material and equipment student 
will perform the following: 

■ a\ Prspare joint for welding 

b. Weid joint to specifications- 

6 
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StudontD i^Lll oboorve aii safety 
precautions during the acoompliGhnent 
of project. 

i' StuO.ont pro^oct will Do checked for 

>3rbper welding procedure ^:iC. prej^araticri. 

2i Assist sncG will be givex\ t^hert necessary i 

CONCLUSION TOE: 10 Min. 

1. Joint preparation 

2. Bead specifications 

3. Set up and veld butt joint i3 in the flat position, 

!• Read 3ABR53230-SG^109, Tee Joints of Carbon Steel 

^% 2. Answer questions in 3A3R53250^^-109' 

3. Read TO 3i|Wi4-l-5, para 3-l8. 

it. Read Modern Welding Handbook, para i-23. 




3ASR53131 



BLOCK Nunncn 

I 



Metals ProccoGxns Spociaiiot 



Intr-ddiictibn to (bcyacdti'ldnd Vo iding 



LES5CN TITLE 

Tee Joint3 of Sarbon Steel 



LISSOM Df.'RA I (ON 



CUA5SHO0M; 



jaboo^oxy 
I) & J 2 liray^^mrj^- lb hr o- 



Complemehta^ 

-^Ibiio 



T o r L 



12 Ims 



PACE NUMOER 



_?3_Sep_75. 



NUMOE n 







Sign AT ur;K 



EO'JirM?^NT LpC ATCO 
IN L AQpf^ATCnY 



1. Statipnaiy_ O^g^- 
acbtylene irclding 
Eqriipnent^ Conplc 

2* Trainer: 3217 

3i Povcr Sheara 



TooUiit 



CC a:. -.If. if;;T \ r r 



1-Iono 



UNCI. ^StiFIf. b MAT r^:J AL 



1. 3iffiR53i3i-ss-i09 

2* T0 3ip-l-5_ ____ 
3* Llodom Welding 
(Chapter l) 



. _Ci^I J t K;n-i o^'lT T IVES I K. i-WAZ- 5 r C- P'- 



Gi^/en o::yacctyicnc v^ldin,^ cnuipcent end carbon otcbl spbcjjncn^j set up and i^^dld 
toe jdintd in the flat position, froo of -ondorcttt^ overlap^ excessive penetration 
aid. oridatioin_fpr a total combined diatanco of no less than the loh£^ of the 
opecimon, ea^sludins t ho first l/2>iich start and the lant 1/2 inch finishi ill 
shop oafoty, good houoc]:bepiuc and fird provcntidn noMtires w^t bo observed. 



Teaching btepd are listed in Part II • 



AT'TEirribli: 



INTRODUCTION 



TIME: Id mn-. 



EET/ISWt ?rocedtd:^s and techniques for veidirig "butt aoints in the flat position. 

07EKVISW: Procedures and techniques for veiding tee joints in the flat pbsitibh, 
A 

BODY TSB: 

PHESE13TATI0N: 

1. Joint preparation 

a. Remove, scale, _ rust , c-: id oxides 
frora the metal 5)irface to keep 
impurities out of the veld. 

PR- 

"b. Bums Eust be removed fror: ed-^es, 

(1) Grinder 

(2) File 

~ Thickness of metal 

(1) 1/8'^ or less no beveling required 

(2) ©ver l/8'^--l/2" bevel single V, US° 

(3) Over i/2" bevel double Y, hS^ 
welded on both sides 

{U) Over 1/2 " single U bevel veided 
on one oioe only 

2. Set up and veld tee joint in the flat 
position 

a. Space vertical cheet l/32"-i/i5'» above 
horizontal sheet 



(1) Pextaits easier fusion 

(2) No excoflsive hearting 

b. Tapk veld at 1^" intorvdln when 
voiding oh both Gidcd 

(1) fa-k altemateiy froK one sine 
to the other 

(2) Keep tacks small 

(3) Check ai 

{k) Check proper spacing 

(5) Preheat bottom plate 

(6) Host of heat directed on 
bottom sheet 

(7) Check angle of torch 



(8) Add filler rod on upper ed^e of 
Eoiten pool 



( 9 ) Kent raj f 1 ane 
c. Weld bead specifications 

(1) Upper leg ij" T 

(2) Lower leg l^'^ T 

(3) 30-5<^ penetration 
[k) Fiat to convt^x face 

3. Operi.te power equipment 

a. One operator at a tirnc 

b. Henjove all jev:elxy. 

c. Matrrial will be placed imder 
hold down clamp (shear) 
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Practice dhop safety in perfomanc^e of 
3?cquircd task. 




a. fio horse playing or rimiuritT allowed. 

b. Vso guard on machincrj^. 

c. Proper clothing for protection. 

d» Wear proper eye prdtcr^tion 

5. Practices scnerai hoxisckecpins cbnoiGteilt 
with safety and fire prevention. 

a. Keep machine and floor clean. 

b. Bo not leave scrap behind shears or 
other equipment. 

c. keep work area clean. 

d. SlijDiriate fire hazard* 

^. rio ra^ or other cdinbustible 
Material in area. 

f . Use only pDccper can to discard scrap. 

At^LICATIOlT: 

Kefeir to Objective 1. 

Given materials and equipment for welding 
tee JointOt the students will 

a» prepare joints for welding. 

b. weld joints to specifications. 

2. Students will ob5er\^e all. safety pre- 

caxttions during accomplishment of project. 

iVALTJATION: 

i. Students projecto will be clicckod during 
iaybut a:id welding for proper procedures. 

Assistance will be given when nccc3:;ary. 
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SUI»II^Aia': (Day 6, 2 hro) 



Eiro 0? DAY SWmRY 



1. 

3- 
1. 



Joint prcpcration 

Set up and weld tec jcint, 

Bead opccificationG 



Reviev notes taJkcn in classrbbin 
during oiscussioh. 

2. Review 3A3H53230-S3-ie9 snd woi^c- 
sheet 

3. Review TO 3l|V;l4-l-5 

i|. Reviov Modern Welding Eandbook 



im'RODUCTIOIi TO IffiW DA^SB mSTR^CTlON 



(Cont'd Dacr 7, 5 hrs) 



1. Remotivaticn 

2. Review 

a. Joint preparation 
; b. _Set _up and weld tee j^^int 

c. Weld bead specifications 

3. Check home work asaigr^ient 

/^PLICATIOII: 
Refer to bb^ective 1 

1. Given Eir.terial and equipment the 
student will 

a. ??:epare joi^^s ^o-^ weld-ing. 

b. Weld tee joints to specifications. 

2. Students will dbserv'e all nafety pre- 
cautions during aoconiplishiient of project. 

EVALUATieil: 

1. Student pi2X>30ct will be checked during; 
preparation tuid for proper welding 
procedures . 

2. Assistance will given when necojaaay. 
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SUl-IMARY: 



EIO) OF BAY SU!-2-yiSY 



/ 



7, 5 hro) 



1- 
2. 
3- 



2. 

3- 

i;. 



Joint preparation 

Set up aiid -is-eld tor Joint 

Bead dpecifications 



Review notes toicen in ciassrbora 
disciission- 

Reviev; 3JSHp-3230-SG-105 and ^-/ork 
sheet - 

Review TO 3i;V;l;-l-5 

Review Hcdem Veldino: Handbook 



IlJTReBUCTiON TO SAYS IITSTRUCTIC-i 



(Cont'd Day 3^ U hrs) 



1 . Remo t ivat i on 

2. Review 

a. Joint preparation 

b. _Set _x:p and veld tee .joint 

c. Weld bead specifications 

3. Check homework assignment 



aefsr to cbjactive i. 

1. Given material and equipment the studdnt 
vill 

a. prepare 3 bints for welding, 
b- weld tee joints to specifications - 

2. Students vdll observe ail safety pre- 
cautions durin<[j accosiplishn^ent of project, 

EVALUATION: 

1. Student project will bo checked durir^ 
preparation and for proper welding 
procedures - 



2. Assistance will be given when necesusry 
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• 



COKCLUSIOil 



TlfE: 10 Hiri- 



_ ; 



su^^r^AEY: 

li Joint pieparction 

2. Sot up arid woJLd tee Joint in the flat pdsition 

3. Operation of power eq^uipmoht. 

ISSIGia-EKT: 

!• Read 3A3R5;3230-SG^110^ Position V/e' 3. 
2» Answer questions in WS-llG, 

3; Read TO 3i;V/5-l-5j Welding Theory and Application para 7-7 thru 7-8. 
Read ^lodern Welding Handbook* para 1-25 t?iru 1-26. 




-J 
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- . _LEilOr^ PbAN ( PoHl. GrhcrdlJ 


APPROVAL ©if r ICE AnO OAtC - ^ y 






M^tfiJ.o Procc33irr SDCdinlibt 


eCOCK NQMdE«> 

T 




LESSON TITLE 


LES'-ON DUJ-*-'- HON 


CLASSPOOM^j^^^^-^^ — 

D & D 2 hro/Pcrf 10 lirn 


— Sonc 


TOTAL 

12 Iir3 



PACE NUMBER 

q 







ic 



NUMBER 

ST3 531X3. 



31 .^ay 7? 



SL'f'CPVISOR APPROVAL 



SICNAT URE 



_PA_T£_ 



<; t r. ^- A T 0 c? r 



EQUIPMENT LOC AT CO 
IN L AQOW At ORV 



!• Statiomty Cxyace- 
tyloho l.'eldirc 
Equipmoht^ Cozh 
plete 

2i Trainort 3217 

y. Pocor SheoTD 



TddUiit 



r. n A f? HJ I ns NO 

UN Ct: AssiP I f. r> m a t c r< a c 



3A33Ri13i31-SG-lib; 
2- T0_3lfV.l;-.>^ 
3^ 1:10 do Voiding 

(eiinptbr 1) 



r ^ L' E ^^'^rj OP jLf t : '/-: s As:r _ ; ^: ac hing ST i:r '■ 



Givon o:>yacotylone i;oidins oniiipKient arid carbon otcdi epeciaeno^ set up orid nafca^ 
fillot WDlds in tho hoid::ontal poDition, froo of undo rcut, ovorlap, and exceoDtro 
bxidatidn, for a_ total combinod (Kptonco of no loco than ^/^k/tl^ longth of tho 
opocimbh, bxcludinj; blib fij-rjt 1/2. inch btart ojid thb ladt l/2 inch finidh. All 
shop sdfoty, good IiotisoJcooping and fire prG^^nhtioh msa^^urob nuot be bbdbir/bd. 

Givon oxyacotylcno irclciinc orjiurmont mvl carbon stool opccinono^ oot "up end niritd 
fillet wide in thd vortical position, froo of tindc rout, overlap, aJid oxcoDsivo 
oxidation for a total coubinod_ did tancd df nd lodd thrji 3/lKtho length of the 
opocimen, exeltvlinc tho first l/2 inch otarfc and the laat 3/2 ijich finish • 



Teaching otops aro lidtod in Part II, 



r\ 

I1TTR0DUCTI0I3 Tll-lt): 10 I-Iin; 



• 



EEJVIEW: Procedureo and tcohiiiques for v.-oldi-ng tee jointn in the flat pec it ion. 



OVBEYISWs Procedures and techniques for naking fillet voids in tlie horizontal 
and vertical position. 

1©IIVAJI0:T: 



(^4 



EODY TIl-IE: 

PBESSKTATIO:!: 

1. Vslding positions 
. a» Eorizontal 

(1) Parrts in vertical position 
and inclined more than k5 • 

(2) SeEBi running: horizontally, 
b. Vertical 

(1) Parts incline 'J nicre tl^on 

US'". 

(2) Sean runnxnr'; ''^rticaliy- 

2. Factors restraining force of gravity. 

a. Ccheoion of the molten pool 

(l) Parent notal and add filler 
rod bein^ thoron^.iy locked 
together 

. - (2) k factor affecting cohesion 

is the am'oujTt of heat applied. 

— (3) 1'loTO heat incror^see fluidity. » 

^ ' 1 
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(I4) R"esulting_ih_^ater tendency 
of metal to run or fs:3.1. 

(5) Most icipo: ^ctbr in 

poditidn • 

b. Support provided bj the base ^otal 
and solidified filler metal. 

(1) Solidified volfi metal ^ as the 
'bead_is foraging, acts as a 
shelf to keep nolten pool 
from runrxing of sagging. 

Flaine pressure 

(1) Keeps pool fro:n running or 
sagging. 

(2) PuDhes pool forward. 
S. Hainpuiation of filler rod 

Chilling affect 

Surface tension 

3* Set uf> and maJce filiet welds in the 
horizontal position 

a. Clean and deburr metal 

b» Lay metal flat 

c. Overlap pieces J'^ 

d. Tack weld every ig" 

c. Incline aoints at US^ angle, 
or more 

(1) Seain running horizontal 
f . Welding in th- horizontal position 

(1) Toix^h ajigle degrees 

(2) Direct flajr.e slightly upwa-rd 

(3) I'^ve tip from side to side 

. to deposit metal unifoinly. 



(U) Add lil.lor rod to upper ud^t^ 
of inbltdri pool - 

Set up and aoko filieL we id:; in the 
vortical position 

a* Prepaid motal 

Set "up and taek v^-eld in the flat 
position 

"c. Incline 30into at aaigle or more 

— - c« - - 

(l) eai2 running verticall;)^ 
V/eiding in the vertical position 

(1) Flane pointed upward at 
ii5 degree angle • 

(2) Pressure of gaoes from tip 
helps support molten ~etal. 

(3) Remove flame inor.entariiy 

if ictai becosi53 overiieatea:. 

(U) Solidified metal belov acta 
as a shelf and provides addi- 
tional support . 

e^er-rxt.e power eqiiipnent 

One operator at a tin:e. 

b. Remove all 5e;^lry. 

c. Material will.be placed ur:der hold 
down clamp. (Shear) 

Practices shop safety in porior::arrce 
of reqirLred task* 

a» No horse playing or ru:ining allowed. 



b. Use guard on ziachinQTy. 

c. Proper clothing for protectior. . 



d. Wear proper eye protection. 



Practiced freneral hdusokecpiiis consistent 
v/ith safety and fire prevention. 

a. Keep Sachine and floor "clean. 

Id not leave o crap behind ohoar 
or other eqizipcsent. 



c- eep work area clean.. 

d* Eliminate fire hazards - 

(1) Fo rags of other cocibustible 
material in area. 

(2) Use only proper can to 
discard scrap. 

8- Utilize health and safety equipment 

a. Protective clothing and equipniont 

(i) Use of guards cn machineiy. 

^ (2) Clothing suitacle for job. 

(3) Eye protection 

Eefer to objectives 1 and 2 

1. Given inat-erials and equipri-nt for 
niaking fillet velds, the^ntudent will 

a. prepare joints for weldinij. 

b. weld joints to specifications. 

2. StuJent vn.1] rbserve all s.ifcty pre- 
caulidr.s during accanipixslunent of 
project. 

1 Student project will be checked on 
during preparation of joint .--nd 
prepef welding procedures. 



Assistance will ".)e givon vhoh necessaiy; 

k 



J 
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END OF DAY SU;-:-IARY 



SUtS'L^': (Day 8, 2 hrs) 



ASSIGimNT: 



2. Welding proccdurcn 

3- Weldiiifi i;peciriCcita.ono 



3i Review notc:;_ 

2. Review 5A3Rf?3230-SG^l]0 

3. Answer questic.-s in 3A5H53230-*,'/S- 
110 . _ 

h' Read TO 31^.-/i;-i-5, para 6-8 
5. Head Kodcz^i Wcldin^^ Haridbook, 
para 1-25 thni 1-26 



Il^rHODUCTIGK TO 13W DAIS IITSTRUCTIOIT 



izy 9y 6 hrs) 



APPLICATION: 

Refer to oboec J ves 1 and 2 

ie Given 3fiateria2 3 and eq-jipment for 
maliine; fillet weldu tiio Dtudom. v;il 

a. prepare Jointii • 

b. weld joints to sr-eoificationa . 

2. Student v;ill ob3er\^c aii oafcty 

precautions during a3con:piicrjnent d£ 
project . 

EVALUATION: 

1. Student projoct.r^ w:.I] b»: cliecUcd 
during preparation of joint c^ci 
p-LX5per weidin£r procedure. 

2. Assistance will be given when nocesoar^^. 



1. Rojnot.ivation 

2. Review 

a- Joint proparaticn 

b, V/elding procedures 

c. Welding c^pooif: cations 

d- Check horevrork assi ^p:i:iant 
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1. JbiriL preparation 

2, Welding procedures 

3- Welding specifications 



1. Review notes 

2- Review 3ABR53230-SG-11O 

3- Complete 3A3H53230~WS-110 
ll- Review fS 'Mlh-i-B 

5. Reviev; Modem Welding Handbook 



lUTRODUCTION TO I^'./ DAYS IKSTHUCTIOi; 



(Cont'd Day 10^ I4 hour?) 



S^^iKPLiCiTiGN: 

Refer to" objectives 1 and 2 

1 . Given, materia?^? and equipment ^ 
the student will 

a. prepare joints. 

"b. set up arid weld oo?nts to 
' speoificatiOLs 

2, Students will ob::er^/e all safety 
precautions durii-^J ^^coompiisliiriCnt of 
pro3r.;c; . 

EVALUATION: 

1. Student proocct vill be clieckcd on 
dur"*'*' , prt:pa:vit i ci! cf joint and 
proper welain^^ pro:;edurcc- 

2. 'Assistance v;ill be given when neceosary. 



i • Remotivation . 
2 • Review 

a. Join!; preparation 

b. Welding procedures 

c. Wi'lding specifications 

d. Chock hoir.ev.-ork assignment 
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CblJCLUSiOii 



m 



1. 



Wolding positions 



2, 



Factors restraining tho force of ^jravity 



Set tip and welding procev'ureo 



C^eration of power equipr:ent 



5* Shop safety 

6. Health end safety equipment 

!• Read 3ABR5'j230-SG-201, Mer;harJ.cal Dravrir.g and Blueprint Reading 

2. Answer questiona in 3A5R53230"V;S-2C1 ^ Mechanical Drawing a^id Blucpriiil. Hcaain^ 

3, Read TO 3i;>&-i-5, Welding Theory- and Application, para 11-^1 thru 11^3. 
if. Read Modem Welding Handbcck, para 28-25- 



• 
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<kf»t'nOVAL OF '-iCC AND OAT - ) ^ 

f) ..^ ./^ 







BLbckiitir Oj-cyacctylcj^b \v^ldjn^^ Cutting:, Soldorin^, 



CCSSOK TITLE 

Mechanical B-r.-winf: nnd BlueDr-iH^4^^^4j^_:i_ 



LESS ON DU^ ^ T i OM 



CL ASS ROOM ^ ^^^^ ^^.^^ 



.)nc 



TOT Al 



PACE K'uMntn 

ji 



PAor. OAT c 



p A rt A 0 «^ A r» H 



DATE 



SlGN >\T WZ 



s i c N A T L' r 



O A : t 



EOUiPWcNT LOCA-; GO 
_ W LA..,ORATO PY 



I 



FROM V>'J^'>L > 

None 



CCASSir lEO Mi'-TfRtAL 



L; N C L AS S t t r M i T r q • A L 



cal Drawinc : 



Given shop drawing, dia^rari-, and biuoprintc, identify and intcirrot th- 
dimensions for ea-.ii vith 755^ aco-.tr:-. cy . 

Given drawing niaterxal and 3ABH^3131-3G-201, malLC. vA- r dr:.^^ns^ j^nd -katchor o ' 
voided asseiiibiici. Brawinrs niuc . Lo vitMn .1/'^? :-.ich of ::tudy ertxidc diiiiun:; 



feacl:iin?j stcpc. are listed in Part II. 
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(201) 1 

1. A^SEiWlOa'I: Tal3c about loosoiin in Block II, I5rav.'iric a^^i Bliie P.vintc, Maintchaaieo 
i-Iaria^incnt, to Syctcns, etc. Talk about do±n?j: c:5Gic:ni::o:itc, noteo, 
participation; 

2. ESyiEW: Security^ Saioty practices, operation and i:iairitc2ia2icG of OAyacbtylcric 
voiding cquipirient^ ty^jc-j of Tlrir.oc . 

3. GVERVET,-/: Upon ccinpiotion of this Icscon you ■/^''l do able to c^-plaln the 
purpoce and xx3e of blue pri:iv,r the various views czvl infci-Jiation fotui:: en a 
print and also lay out tubula,r a.'^sembly drn.vins. 

ij. KOTIYATIOrl: Keed.for v-eldcr. to knov: }:ov to read z-s^t interpret V^lue print 

for fabrication of ani^rtMng (Tool be rr^jrz, tir^ercick, aircraft, cnj^ne p.-.rL 
patches) . 

BOSi TB3: 7 hr^i ijO :nin- 

PHESBi;:?A?ioi; 

1* purpose of a dravin^j 
a. Shape of an object 
b» Size of an clgect 

of an object 



in^crpreu shop drav;in^, dia^rc:-:3 'n 
blueprints 

a. Pux^:ese of blueprint:; 

(1) S::ov how t..c job is to •■o 
done 



(2) One j::an 

ferrod to othc-r 



b. Use 

(1) Shov; _ varJ pi:c viov.-s , c . .:.jn3ior 
cOid detail:^. 

c* Construction of biueT-):-::r:'.n 

a. Inten;rotinc sc:cti.onal vie\..: 



91 



(1) Sectional vioto n^uce it pos- 
sible to look inside a pari; 

(2) The tj'-pe of section i::. dotor- 
jninecl by the ar^ount of exicriof 
recioved- 

e. Other inforr.ation found on "blueprints 

(1) Title biccJ: 

(2) Chance- block 

(3) General not::s 
(k) ^' .--^.l notes 

Identirica'-J-on and use of dra^^in£^ enuipr:ent 

a. drawing beard 

(1) TJse ar.d care 

(2) Construction 

b. Drav^ing paper 

(1) Colo?? 

(2) Position on board 

(3) Pasterdns board 

c. : ..:iv.'xn[; pencil:: 

(1) Type::> and nuunberin^: 

( 2 ) Shai-pi-nJ-n^- 

(3) Use in line drcLvrin^ 

d. T- Square 

(1) Cdnstr^iction 

(2) Pes: ti:;^ on board 

(3) Use of tiado 
r:. Triangles 



(1) 30^ 66^ Jrian-le-^O^' 

(2) J-i^"" Tria2iGlo-90^ 

(3) For u.':c with T-Jiqivaro for 
drav;ihG vertical and r^lopin:;: 
lines 

f. Protractor 

(1) purpose 

(2) Proper Vize 
Scalec ^ 

(1) Shapes 

(2) Types 
GraduatiOHG 

h. Compai:-3 

(1) Piirpose 

(2) Coils i:. rue ■^>ion 
Drawing to scale 

a. r:atio of drav.dng to c^bjcct 

b. Betail dravdnfp usually to sizo 
^. C}co.v. Citric Principle c ar.d Co2'istru.oti?''^ 

a. Circle 

(1) A lino drawTi cq-aidi3tcu:\ fr^: 
the center 

(2) Dia^iOtcr 

(3) i^adiuc; 
{k) Circaufcrc-r.^e 
(0) ire 

b. Perpendicular line::; 

c. Parallf^l lined 
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d. Ai^Tles 

e. GooniDtric principles arc to 
accoir.plis": variolic dravin^^ fvo'i^loiTZ 

raridli* a -id ..ccurato]y. IJKSRai'l SU-lI-IiiSY 

St:i*d-.::^i ar:^.;inc^ linec 
ai Cbjoct line 

(1) Heavir solid lino 

{S^ Eeprecer.'t outline of object 
t. Hidden linos 

(1) Short da::]io:::j ircdiuni v;-'i^ht 

(2) DistinrrLLisii Gurfaccs that 
caaiTiDt "be 3oen 

c. Gentc-r lines 

(1) AltexTiatinfj lon^.and short 
dashes nodiun: vei{jht 

(2) Feed to locate tho c:cact 
contori: of hcleri:, arcn, radii 
and cylinders 

Exterjsidn lino 

(1) Light v.^i>jht. unbroken line 

(2) Showing iiSits of dimensio ns 
Limonsions lino 

(1) Lic^it .v;^icht :h arrov hcadc 
oh ends 

f . Projection line 

(1) Ex^reIT:c]y lie:lit 

(2) Pro^iect dificrc-nt viev/s 
Ty;:)cs oi' drawing 

a. Orthographic 



b; Percpcctivc 

c. Isometric 

d. Oblique 

b. (Srthograpxiie noot u.^c:d 

8i SIiop drav;inc3 a2id cliotchcrr of 
veldcd cix:Gez:bliec 

a. J^bht, top '--id 2idd vibv;a 

(1) Front viev: shows length and 
height 

(2) Top viov; ohovrj length and v;idth 

(3) Side view :=;hov;3 heirjht vind 
width 

b. Principles of dimennionins' 

(1) retail 

(2) Position 

(3) Overtax 

c. letters and figraros 

(1) Style 01 lettcrc. 

(2) Piac-:;nont of fi{n:trc3 

d. LiCiitG 

e. Tolerance 

9. Scctionaii^ed drav;In^:3 
a- Pull section 

b. Half r^cction 

c. Broken-oiit or partial ;^JCtlon 
10 i erOGshatchod cectionc 

a. Purpose 

5 
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b ; Use 



c . Typ03 
11. Welding S^Tibols 

a. Piu^ooc 

b. Basic tj^pes 

c. Locution of \r::l:l r.y:r:bol on '.voiding 
cynibol reieron:;c: line 



APPLic- ••:o::: 

!• will interpret diniensions and 

r.cbilo filin^j cabinet drc:^;inr^. 

TT::.!. r-L'ir'jnt will ccnotr^.ict a D::cp 
dra;;.r^-- of the station joint in SG 2C1 

TJsin^ Dhop dfawinc: st'adcnt vxll ir.b-ripi'X-t 
the foiiovd:n2: with l$fo accuracy. 

a. Locate a^-^d lict the overail dincncion 
on the side viov. 

Ans. 16" 

b» Whet type of <5i?nension is the 22 5/8*' 
on the front viov/? 

Anc- i)etaii 

c Locfcte cj'.d lict one pocition 
diiT:en3ion on iJocticn BB. 

Ponijible Aria. 5/8*' or 
or l/ili " 

c. Locate and lii^t the sc^le ajid -^ate cf 
thjLr> drav.dr.r: 



Scale 3/l6" - 1*' - 3/^3/51 



"AM 
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2m Each Gtudent will cmsvpr with 75/^ accuracy 

blue print i^adiiigi-^nstruc vd.ii chcjic Tor 
acciiracy. 



does a center line show? 

Ans# location of holes 

"b. Define tolerance 

Ans^ too-ant of variation pecnitted in 
size and location. 

c. What dimensions does a front viev: of 
ail orthographic drawing shov/? 

ins. True hei^t and length 

d. ill letted and figtires on A? 
drawings axe placed in what position? 

c . Ans. Horizontally 

3» Instructor will check for accuracy to within 
1/32 in. of study guido dimensions . 

(Day 1, 6 his) EIO) OF MY STm&iO: 

STJJIMfllil: 1. 



Purpose of a drav/ing. 

Identification mid use of a 
dira^'/ing 



3« drawing to scale 

i|. G&brietric prinoipicr. rind 
constraction - 

5* standard dra^^jing linos 

6. Types of drawings 

7. S?ipp drawihgcj-cuid zjkctchos o. 
iTelded assemblies 



8. Soction£-;lLise4 dra:'n:ng. 

9. Cross hatched sections 
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ASSIGHgl^f: - ■ 1- Review: 3ABR03131-SG-2ei - 

* " 2. Head: 3ABE5313:1-SG^202 

' : -.3. Modem_Welding Handbook s ^_ 

Para 18-13, 13-lit and 0.8-17 



(Day 2, 2 hrs) • a^RSSueJlOK TO l^EV^ DAY'S -EBfRTOT^^^ ' - - - ^^ r^-^ 

EEl^CriTATiOTT: Feed for meohani-^ai dravTing and "blue prints* ^ 

' - \ . ' . ■ i 

1. Emluate outside assigrment. Criti-ue . - . t 

missed items. i 

2# Parpcse of a draving ' . { 

3. Identification and use of drawing ^ ' * ? 

^ — ^ " J 

equipment ^ ; * ! 

Drawing to scale \ 

5*' C'ebmetric; principles and - - ^ ^ \ 

ccnstructioh . [ 

__ I 

6. Standard dj^'jing lines ^ \ 



7* Types of diramngs 

8. Shop drawing, and sketches^^of 
welded assemblies 

9* Sectionalised drawir^gs 

10. Cross hatched sections 

OVERVIEW: 

Interpret shop drawing, diagi^is a2id 
"blueprints . 

2. IJciding symbols 
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- BODY 

2; Each student will construct a - 
shdp_cLraving of tho ctation ^oixit^ 
in SG 201 Figure 19 

EFALUATIOil: ^ . . ' 

Instructor vill chock for acctiracy- to vithin 
.1/32 in. of study guide dimensions. 

* . CDIIOLUSTOIT TBS: IQ Hin. 

1* Purpose of a dravring 

2* Identification and use of dr£^^ang ecuipinent 
3^ drawing to scale 

i;. Geometric principles and construction 

Stajldard drawing lines - - 

6# T^^pas of dravri.ngs 

7i Shop drawings ?nd sketches of welded assemblies 
8. Sectionalized drawing ^ 
9* Cross hatched sections ^ 
D. Welding symholis 
feSSieJllffiiS': * 

I. Assignanent given at end of day simnaiy. 
^•lOTiVATIOlT: " . . 

.9 
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LESSOR PLAN {- Pari I; firn>.rnij 



PICE ANO OAT« 



3ABR53l3i 



II 



INSTRUCTOR 



coa»<r.E._t»f !.E- - - - 

Motals ProcoscinfT Specialist 



BLbcktitLE Oxyacctylene Welding, Cutting, Sblderihg^ 
Bracing and Hard Surfacin g 



LES";ONjriTLE *1 ^_ _ 

JointG of Scab and GbrrpGxon Resistant Ferrour? Alloys 



LESSON bUHAFlON 



D & D'2 hrs/Porf ^ hrs 



Gompiementars 



TOTAL 



pace: fiUMBER 



i2- 



P AG t: O a r c 



PARAGRAPH 



STS'CtS REFERGMCE 



NUMpfIR 

sis 531x1 



_ 31 Hay 1975 



SUPERVISOR APPROVAL 



S>GNATUPE 



DATE 



SIGN ATURE 



O AT t: 



PPgCCA5^ PPFPAPATIQN 



t O J I n M E N T L_0_C_AT Z Q 
I »J L A D ORATORY _ 



!• *_0>:yacctylehe 

Welding Station 
. Gompicto 
2. Pov/er ShearG 



TooHcit 



CLAssiFino MA rERiAi. 



None 



f;RAnHI'': Ain*^ AMU 

u N c L Asr.i F I o M A.7 r P I A L 



1. 3ABR53131-SG-202 

2. T0 .3UV/l4^1-5 

3. - HodeaTL Welding 

(Chapter I8) 
h I.-I A-Q 



CRIT E R>P N _Q_S J fc C T I V E S .ANrLJXA^>iiNG_iT£P^ 



X^nt Oi l 



a. 



WJtbdiifc n^rewncp, 'identify the types, and uses of heat and corrosion resistant 
ferrous aLlby.-: vith 75/^ accuracy.' 



b. Given oxyaoetyicne v/eiding equipiiienb,^ and heat and corrosion resisbanb ferrous 

alloy spccimonn, set up and v;cld lap ^ointr;, free of undercut, oxidation, overlap, 
and cxcejr,ivc pcnebration Tor a total combined distance of no less than ol 
4:]ib length of the spbcimen excludLng the first l/2 inch start and the last l/2 
inch finish. All. shop safety, good !iouackccping^ and firo prevention mcasiircs _ 
must be observed. 



c. 



Given dity-acotylenc wel^^ cquipmont and heat and corrosion rcsist^nib ferroiJis 
alby specimens^ set up and vt2ld butt joints with lOC^ penetration,' free of under- 
cut; overlap, and excessive' oxidation for a tbtal, combined distance of no less : 
than 3A of the specimen excluding the first i/2 inch start and tlic last l/2 inch 
finish: All shop safety, good housekeeping, and fire prevention measures miist 
be observed. • • 
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loo 
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CRITERION OB JgCTIVES AND TEACK ' MG STEPS (Conflnu»< n 



d. Given o^qyacctylone weldiiig equipment, and hoat and corrooton resistant' ferrous 
alloy specimens, set up and weld tee joints free' of undercut, overlap, and 
excessive penetration for a total eomlDined distance of no less tliari_3/U pf_the 
length of the specimen, excluding the first l/2 inch start and the last l/2 
inch finish. All shop safety, good housekeeping, and fire prevention measures 
• must be observed. 



Teaching step^ eire listed in Part 11. 
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INTRODUeTiQN 



T i me : j 6 m i n 



*P^'^Ti?N:. Talk abbcit .Hcat £orrosion Resistcirit Allbv^ Rn^ - 

. of Aircraft engines ..nd Chow Hali stainleL. ^ ' Sections 



2; 
3. 



a^'bLpri;:;'? '^^^-^^ use pf 'drawings 

OVERVIEW: Upon completion of this lesson you will be abl» tn ^^^i 
weld.ng procedures and teehniqups nccessarv to m.tn 1 C '''^ 
of heat and corrosion resistant steel ^ 

or'cmlIhgiSr ^^^^^"^'^•V^>' °f -'^-^ wnethe. in field .aintena.^ 




' BODY 

presentation: 

I. Types and uses of s ta ? ri less s teel 

a. OisUngUish the uses and types of 
5^ stainless steel . 

(1) Stainless s:cel probably most 
important rnetal in high speed 
aircraft. 

(o) Heat resistant ond maintains 
strength at high temperature, 

*N^-(b) Corrosion resistance. 
, Hi §h- tensi le strength. 

(2) JcL age increased lire imoor- 
tance of S.S. - 

(3) Types ah^fCi^es. 

id) T^es use mostly in the AF 
are 32] or 3^7. 

' (i^) Type 321 is stabilized by 
.3 certain percentage of - 
titanium and in type 3^7 
the stabilizer is columbium, 

(c) This type of stainless 
steel is used a great 
deal in the hcl section 
of ah a i rcraf t . ^ 



Time; 6 hrs hd min 
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Setting up and weidins l^ip joints of j-^. SHOW SLIECS 

a. Welding procedure. 

(1) Glean metal edges aha 

remove burrs. i 

(2) Fit upper and lower pieces 
tightly together. 

flux rods. 

(h) • T:.p one or two sizes smaller 
t'larl for same thickness carbon 
■sfcG^i (62) 

is ) Ad^us^^Tlame to -slightly 

Cc-n-vtirizing with 1/16" featncr. 

tSJ uVck 'w^^ld at one Inoh ihteiTv'als 
raa'cr;ig t:.'^ks l:^ sDsil as 
T>o&sib"i:r . 

{'^) St-\::t at one end and c::ir:plete 

{S) Direct flame mostly on 
bottom sheet. 

(?) AUd_f iy^er_rod .near Aop. edge 

of joint, keeping red slightly 
in advance, of pool and_ailpv^ 
ing the. molten metal flew into 
the pool and feathci- "ff at end 
of 3oint. 

(10) -Turn work over and weld other : 
side; 

— _ _ _ _ _ 

(if) pc not remove touch- tod quick- 
ly at tho_ end of weld or o:ci- 
dation will take place* 

(12) Remove all Flu^c 

(13) Chock with Instructor. 

Setting up conc V/olding butt joints, .of S.S 
a./ Weldirig procedures 

(1) Clean motal edges and remove buorr*;. • 

, « . . .' ■ ' ' 

.a 



(2) Square edfje may be used on 
metal thickriods up to 1/8 
inch. " 

(3) Spacing shouia_hot exceed the 
metal thickness after tacking. 

(i;) Tack approxiinately one inch 
apaSt along the entire joint. 

(5) Add flux to the bottom edges 
of the Joint, flux rods. 

than used on carbon steel. 

.(7) Veiding flame slightly carbur- 
izing with I/16" feather. 

(8) Flame directed at hS degree 
angle* 

(9) Filler rpd 20 degree angle. ' . 

(10) So not remove touch too quickil.y 
at. the end cf vsld or oxidation 
will :take places 

(11) R^ove all Flujc. 

(12) Check with Instructor. 

APPLICATION; _ ^.^ Students will set up 

. ' and weil lap. joints of S.S. - 

B 

2. Students will set up 
and weld Butt ^^oints of 
S.S. 

SVAiTJATiON: Inrtructor will check for 
aocu3^cy lAW TO 3avi;-i-5 
and obsen'^ce of all shop 
safety,^ good housekeeping 
and fire prevention meas- 
ures i 



2, J; hrs) END OP BAY Sroir4ASY 

SUMMARY \ 

' 1 . Types and uses of Stainlesc :- 
Steel. 

2i Setting up arid welding lap 



3* Setting up and welding Buttf, « I n a 
.ibihtf:. * ^4 



..ASSIGNET'IENT 

^1. 



Heviev 3AB153131-SG-2Q2 



2. epnqjiete ATCPT;^2-it^ iP 
TO System. 



(lay 3* 3hr:^.)- ^ HJTSOniCTIOlT TO KEW SAY'S. INSTHFOTIOii 

i 1 • - Evaliiate Outside Assi^meht ' 

;\ * Critique Missed Items c • 



2. EH^OTITATIOK:" Responsibility of 
"Weldeirs Pexfbimance. 

. 3* EEVIEff.: . _ ■ 

1 • Types and uses of Stain- 
le:is Steel* 

2*." Setting up and welding . 
lap joints. 



eVHtiViJSW: Set up and welding of 
S.S. Butt joints." 



PHESENTATION \ < 'BOJJT ' 

i{. Setting up and^elding Tee Joints of S.Si 
a. Welding procedure. : L-'" 

(1) Clean iiie me til" to be welded^ 
reuibve burrs. 

(2) Tack* eve iy inch. 

(3) Ilux th(5 undei^ide and back 

side of the joint and filler rods. 

Use it SjJaceirs. ; ^ 

% -. --. : 

(5) Adjust the ^ame to sii^tly car- 
burizing with 1 l6" feather. 
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Tack veld -at 1" inter^'als. 

(7) Weld by the fore hand method di- 
recting most of flame on the bot- 

: torn: sheets:: . _ 

(8) Add rod to upper part of the 
joint keeping the rod witHih the 
limits of the flame and allowing 
molten jnetai to flow into thr^ pool. 

(9) Feather off al? the end of 'the weld* 
(10) Bemove ail flux. 



ehcck with Instructor. 

APPLICATidH: 1. Stu'lents will set up a -'3 

weid butt joints of o.H. 

2/ Studeiit will set lK>_aiii*] 
weld tee abihts of S.S. 

"EVALUATION: Instructor wili chick 'for accuracy 
lAW TO 3i*V^-1-5 anct observance of , 
all shop safety, good housekeeping 
arii fir^ prevention measu.res. 

BVALUATIGJJ: J^ach ntuS^U will answer with JS^/o ■ 
_-3:^^^3'5y.n'^^stionc coriCemin{j th^ 

will check for 'accuracy? 

1. Name one ty ye of S.S. that is 
cbnanbrily used by the AP. 

321 or 3U7 

2. Wiat stabilizer is used in yorir 
ans>/er to the first q[uestion? 

"321 _ 3^47 . 

Titanium or Cblumbicin 

' 3. Which TO will be consulted to 
find^h;^t2^As„an':3„usaS-_-Of -va^ 
: 7 tyj>es of sis.? 

^ TO 1-1A-9' Aerospace Metal:^ aiid" 
usage factors. 

if. Which series S.S. is called 
Austcnitic S.S.? 



300 Series 



COMCLUSION 
1. Sumraaiy 

1. - Types and tise& of Stainless Steel 

2. Setting up ani welding lap joints 
of S.S- 

3. Setting xzp and welding butt 
joints of S.S. ' 

Ji. Setting up and welding tee joints 
of S.S. 

2i Assigh«eht: Given at end of Day Summai^. 
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1. 3ABR53i3i-SS-20it 
-2 ^~TQ -3i4Hifclr5_z 
3» Modern "Welding 
(Chapters 3 aM 



Ccont oh reverse) 



CRITERION OBJECTIVES AND TEACHING STEPS 



a. Without reference j identify the factors' pertaining to oxyacetylehe cutting 
operations with 7^ accui^y. ^ . ' 

h. Given oxyacetylehe cutting equipment and carbon steel specimens, cut up and 
perfbm cutting operations free of excessive burrs and undercut sections for a 
total combined distance of ho less than 3A length of the specimen.. 

All shop safety, good housekeeping, and fire prevention measxires must be observed. 



Teaching steps are listed in Part II. 
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INTRBDUeTIDN 



time: 10 mln 



1i Attention: 



2. Review: During our last lesson we learned the USAF TO System and use of 
indexes. 

3. Overview: Upon cdmpletidh of this lesson will be able to apply the 
techniques arid procedures of bxyacetylene cuttihg^i 

'H. Motivation: 




BODY 



Time: 5 hrs ^0 min 



Presentation: 

K Factors i?ertairii rig to dxyacctylene 
cuttirig 

a, PrihcFples of oxyacetylene 
cutting . ^ 

(1) Oxyacetylerie cutting is the 
_ rapid oxidation cf the metal 

~^ — — — LG:^a_[ocaJ ized area. 

(a) The metal Is heated to a 
bright (cherry) rod 
temperature. 

(b) A jet of high pressu.-e 
oxygen is forced aaalnst 
the hot metal causing a 
narrow slot or *'Kerf* to 
separate the rricta].^ 

b. Cutting Torch 

(1) Something 1 rke welding torch 

(2) Has three tubes 

(xs) Preheating oxygen 
. tb) Preheatrng acetylene 
(c) Cutting oxygen tube 
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(3) Cutting tijss 

-f^fom-wel d i ng tip 

i Has. as many as 2 to 9 
orifices 

2_" Four preheating orifices 

^ One (1) cutting oxygen 
ori-f ice 

=^^^ \h) — Ma!ntenrinr<> of rutfthg flpc 



(a) Aceumulatibn of slag will 
^bme t i mes jDcoii-on-r-t-i-p — — 



(b) Remove 1 ag , fasten torch 
m vise using a sdft: 
material or a wood block : ^ 

•■on face of jaws to pre- ' . 

vent damage to the torch and ; ' : ^ 

tubes . : ^. 

(c) Remove the slag by using 
a fine emery cloth or 

. fine file ^ 

(d) Select a tip cleaner- 
two (2) sizes smaljer than - ^ ^ 

- the tip brifjces and clean . 

: by robvigg tip ct^eaner up 

\\ - andcdown. -(eaut^lon Do not ' " ~ 

^ . twist as thi.s may break ^ - 

- the tip cleaner in the 
ori f ice 

Safe cutting prbcedures " * 

iU Never„^d^^^^^^ - -.-t^. 

used drum^^arrels'j: tanKs, or " - 
other co^Mtiers until they 

h ave beei^tftproughly cl ean4 d=^ \ - 

(2) Cleaning - ; ^ * 

(a) Steaft^lshbuld be-ijsed- if - 
^ - — avaiiab^^ " ' ~ \' ~ * * 

(b) Steam \ for a minimum bf- . " . ; ^ 
three (3) hours : * (<> / 
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(c) Fl using with hot water 
for brie (]) Hbiir is 
permissable but riot 
reconSerided 

(3) Hove all combustible m=>i-j>rl 



(a) To a safe distance 

(b) Dr move work to a safe 
distance from combust ible 
material' 

{k) Never cut material in such a 
position that it might permit 
sparks, hot metal or severed 
sections to fall, orr gas cylinders 



hoses, legs Tor teet 



(5) Care must be taken to prevent 
slag from clogglriS c*-ittihg 
orifices which will occur if 
; V torch is held too close to the 

work 

£• "Euttirig carbon steel 

a. Proc^ures for cutting carbon steel 

Plain carbon stfel_with a car- 
bbn content of 0.35% or less 
will cut readily without special 
precautions other than those 
cutting, procedures required: for 
cuts of good quality 

(2) Connect cutting attachment 

(3) Open torch oxygen valve fully 

^ (A) bight torch, adjust preheat flame 
to neutral 

;. (5) Depress cutting oxygen lever fully 

readjust preheating flames to neutral 
with valve bri cuttTri'g attachment. 
^ Release cutting oxygen lever 



(6) Hol'd^the torch 9S°- to, the work, heat 
^ to -a ch'erry red 

(7) Slowly depress the cutting bxygeri 
lever tb its fully bpen pbsitibh 



(8) Move a'S fast as possible wlthput 
losing the cot 



ly) In case the metal stops separating 
move the torch bick^ re-heat then 
cbritihue cutting 



High Alloy Steels 

(1 j Preheat to approximately 55*^ F. 
to prevent the metal from forming 
a hard layer along the edge -of 

.cat. 

Beveling carbon steel with a 
cutting torch 

(1) Torch control more difficult 
than square edge cut t lag 

(2) Speed of travel and- steadiness 
of hand, are Important to obtain 
a smooth even bevel 

(3) A line made with challc can: 
be used to indicate the top 
edge of the bevel 

(^) A.plece of angle iron can be 
clamped into position to aid 
in proper torch angles and rr 
can be used as a^est to 
insure steadiness 

Cutting of round stock 

(1) Raise a burr/dh the stock 
using a hammer and -a^ chisel . 

^ This will help start the' 
^ctit ' without prol onged, heat I rig 

(2) ' Tftf ter the ci^t— is started, the . 

torch is raised the vertical 
position for the remainder of 
this cut 

(3) The preheat I ng flame is the 
same di starice f rbm the sur- 
face as in cutting flat stock 

Pipe cutting - 

i 

- ■ - . . \ 
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(1) The simplest cut the square 
cut as iti preparation of a biitt 
jbiht 

(2) Us ing ei tlier chal k or a center 
punch lo make d liiiu ^^icui ' id 

the pipe wher^? the cut is to 
be made - - 

(3) The cut ?_s started at the top 
center of the pipe and Carried 

• down to the bottom center line 

{k) When cut is In progress the 
torch should be constantly 
pointed to the axis of the 
pipe ^ 

(5) Vihen bottom point has been 
reached^ rais'e the torch and 
restart at the top t^ 
complete the cut ^' 

f. Flame goUgih§ 

(1) Flame gcuglhg Is used .for 
quick and accurate remcvcl 

narrow strip of surface 
metal from steel plotes, 
forgings and castings 

(2) This differs In flame cutting 
, i-n that the cutting action 

does not penetrate through 
trie metal 

(3) Flame gouqing can be used for 
; removing cracked wolds or 

grooving metal that is' cracked 
to insure good penetration v'oen 

it js rep^i red by welding 

..... V * 

ik) Spec[al curved tips are used • 
for flame gouging , 

g. Circular cutting 

(1) Flame is Used as vyould be used 
oh fr.ee hand cutting of 'the 
.same material 

(2) Bone wi th-. ei ther hand torch or 
machine torch 



(3) Rate of travel is deterniined by 
the type and thickness of the 



hietal bcMg cut ' 

\k) For catting with a hand torch 
a circular catting attachnient 
shout d be. used 

(a) The attachmeht consists 
of a rod with a clamp 
attachec^ to the torch head; 

- An adjustable center point 
on the other end may be - 
set to the desired radius 

(b) The cutting attachment can 
be locally manufactured 
with the-aid of the machine 
shop^ 

h. Machine cutting" 

(1) The prihcipifts cf f 1 ame_ cutting 
are the torch is manuai.ly or 
Siechanjcally control led 

(2) Machine flame catting 
advantages 



(a) Better workmanship 

(b) Greater accuracy 

(c) toWer cost 
emitting Equipm,ent Maintenance 



EVAbUATION: ^ih student wTll answer with 

to oxyacetylene cutting.. operations. 
I instructor wi 11 check fbr accuracy • 

1. Define Kerf : ^ / : 

The harrow slot that separates 
— • the metal i 

■ ti / " ' ' — 

2. How many cutting oxygen orifices 
-1 does a 'cutting tip have? 

One 

erIc • 



.J 



INTERIM SUMMARY 



3i .Before catting 3 barrel ^ how 
many hoars minimam shoaid it 
be steam cleaned? 

1 '. Ihree ; — 

ft. While cutting, hotel thi; torch 
approximately hbW far from tlse 
metal? 

1/8' » 

^END OF DAY SUMKARY 

SUMMARY 

\. Factors pertaining to cxyacetylcne cutting 
2. Perform cxyacety lene cutting ccerruions 
3- Catting equipment maintenance 
ASSjGHHENT 

Review: 5ABR53230-SG-20i<'. - ' . 

3ABR53230.-WS-20ii 

■Readi Modern Welding Handbook Chapter 1 !> 
■ 3A6R5323Q-SG-i65 
3ABR5323e-.WS-205 



ete:< AICPI 5?-! VOL I Kaiht. « 

ATCPT 52-1; VGL II^Maint. Marsgt. 



•lNTR9DUeT!9:-! T9 f.'EU DAY ' S. INSTRUCT 1 0N 



1. Remotivation ; 



2 . Rev i ew.: 



1. Factors pertaining to • . ^ 
oxyacetylene cutting 

2. Cutting carbon .sti^el 
Cutting equipment maintenance 
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Pfeseritatibh (Cbht Ihued) 



APPtlCATlON: Students will perform oxyacetyiene 

--:^:^^L-CUtJLJ-rif|^^ npf^r^ittrsr 

maintenance on equipment 

EVALUATION: Instructor will assist when necessary 
cheek for accuracy I AW 3^W4- 1-5, and 
c; check for observance of all shop 
safety, good housekeeping and fire 
prevention measures 



CONCLUSION 

SUMMARY r~' 

!• Factors pertaining to oxyacetyiene cutting 

2. Cutting ca rhMon steel 

3. Cutting ecjuipmeht maintenance 

ASSIGNMENT: *Given at end of Day Summary 



Time: 10 min 
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PRECLA5S PREPARATION 



EOUiPM&NT LOCAteO 
IN LABORAtC>RY 


eO^jPMENT 
FROM SUPPLY 




craph»c A:rr*^ and 


CLASSIFIED MATERIAL 


UNCLASSIFIED MATF.RI.AL 


0h Oicyacet^lene Weld- 
vx' iiig Station Cdm-' 

plete 
2. Povrer Shea:^ 
3i Trainer: Hard & 

Soft Solder 

Joints, iUj.06. 


^1P.oolkit 


Hone 


1. 3ABR53i3i-SG-'265 

2. TO 3lj.Wi+-l-5 
-Jv^gdern Welding 

(Chapters l5 & 16) 



CRITERION OBJECTiVES AND T E ACHING ST EPS 



a. Without* reference^, identify the principles and techniques of lead and silver 
soldering with 75^ accuracyi^ 

Given oxyacetylene welding equLpment an metal specimens, set up and solder 
lap and tee joints vath 100?S adhesion, free of _ excessive overlap and oxidation 
'for a total combined distance of no less than 3/U the length of .the_ specimen, 
excluding the fiSt l/'2 inches tart an^ the last l/*2 inch finish. All shop 
safety, good housekeeping; and fire preventicm'meastares must be observed. 



Teachihg steps are listed in Part II. 



^^'iXf* 'FORM yyfi 1 1 r» * . .<r CFO. itTl 77»-Jt»/i»: 



INtRODUCTION 

Time: 10 Kin 



REVIEW: During bur last lessbii we learned the factors and techniques 
bxyacetylene cutting. 

OVERVIEW: ^pon compietibn of today's lesson ybu will be able to apply 
the principles and techniques of silver and lead soldering. 

MOTIVATION: 



BODY 



PRESENTATION: 



1; Principles and techniques of 
silver soldering 

a. A prbcc ss in which bonding 1^ 
prbduced by heating thebase 
-metal tb a temperature between 
1145° and 1650^ F and adding a 
silver alloy filler metal with a 
melting point within this 
temperature range 

(1) Will, bbiid most ferrous and 
honfefrbus metals 

(2) Is a free flowing, metal in the 
molten state ' ^ ' 

(3) Melts at a lower temp than the 
parentmental *' 

(4) Can be sweated ihtb a tight joint 

'' 

: (5) There are several types of silver 

solder with the silver content 

'ranging from 10 to 80^%_ and having 

;a melting pbiht "f rbm 1145^ tb 1650°F^ 

(6) Silver solder is obtained in rod, 
8 trip-wire and granulated form 



Time: . 2 hrs 40 min 



Jbihts* designed for silver solder 



(1) fiiportant factors 

(a) Type of meta l to be joined 

(b) Service requirements of joints 

(c) Type of joint used 

(d) fit up OTd results obtained 
differ from that of a 
fusion weld 

^e) Silver solder .shbuld hot be 
used as a filler inbeveled 
type joints 

(f ) These alloys flow freely 
into harrow openings 

Cg) Recommended joint clearahce 
is .002 to .005 inches 

Preparation of joints 

(I) Cleanihgt .A clean oxide free 
surface isyery Important to 
insure quality and a sbuhd 
joint 

(a) Ail grease, oil, dirt and 
other oxides should be 
removed from base metal 
arid filler 'rod to insure 
a good bond throughout' 
the joiht 

(b) For trust and heavy bxide^ 
sand blasting can be used 

^ . 

(c) ^. Grease and oil can be 

removed by trichlorethyiene 
ahd trisbdium phosphate 

(d) Other cleaning agents br_ 
machines & grinders, buffers^ 
emery cloth, vapor" degreascrs, 
files and some acids 

(c) All plating -shbuid' bc remcved 
to insure good bonding 



(2) it is recbnizncridcd that the ; - 

solderiag- process be performed 
as sooft^as possible after cleaning 

di Fluxes 

(i) Fluxes serve a dual niirpdse in 

effecting strong uhffoni • 
spidering joints enl is a must 
wheii silver soldering 

- — (a) React _wixl: iJurf ace fiiSs, 

reducIng'Tl'^^^^^^^ — 

^ clean surface to the molten 

silver sdJLcer 

(b) Form protective* films during 
the soldering cycle thus. pre- 
venting reoxxdatibh at ele- 
vated temperatures required 
for soldering 

(c) : Assist the silver to flow 

freely 

2i Silver soldering various types of joints 
Hi Clean surface of metal 

b. Fltix surfaces to .be joined together 

c. Align pieces, overlap a minimum 

d. Soft neutral to slightly carbur- 
ization flame, use outer envelope 
of flame 

e. ^ Heat joint until fiux starts to ^ ^ , 

meltt apply filler material, con- 
tinue heating just long enough 
to flow the filler mctsl com- 
pletely into the joint 

f. " Keep the torch in motion , 

• Remove flux: ^ InteriS Summary 



■ 3; Principles and tiechniques of lead 
soldering 

a. " Tne soft solder p"<^<^cs is used 
■ \ for joi'Sing most cbmmbri tiictals 

with an alloy that: melts at a 
^ tcmpemture b?!?^ that of thc__ 
base m^tal and always below 800 F 

3 



b* For its strength^ the soldered 
joint depends on the penetration 
of the solder iiitb.the pores of 
the base metal surface and the 
consequent fbrmatibn of a base 
metal spider alloys together 
with the mechanical bond 
between the parts 

c. Soft solder t:oinpositibns 

' (1) Composed principally of lead 
and tin with or without the 
addition of antimony, arsenic, 
or bismuth to impart desired 
qualities 

(2) In .general, the higher the 
lead content^ the higher the 
melting point 

(3) High-lead solder for joints 
subjected to temperatures ^s 
high as 400°F 



(4) 




Fltixes 



(1) 



Corrosive and hbn-corrosive 



(2) 



To rembve and ©cciude small 
amounts bf oxides and pther 
Impurities fronuj^he joint 
being soldered 




(c) Flux is readily displaced 
by the solder 



.Cleaning 



5i Lead spiaering "^rious types of 
joints to ihstructbr 
specifications 

a. Clean raetai - • 

b. Apply flux • 

c. Tin area^ of ^the base metal 
to be joined together 

d. Align the joint 

___::>-es — Apply"heatT soft neutral flana, 
outer envelope, keep torch in ^ 
motion . - - 

f . Apply solder 

g. tead solder'vill flow into ^ ; . 
space by capillary attraction 

h. Remove all traces of flux 

ii Observe all shop safety^ good a 
housekeeping and fire pre- 
vention measures in performance 

of required tasks . Interim Suinniary 

APFtlCATIDN: "Instructor will administer Appraisal Test identifying 

principles and techniques of lead and silver soldering. 

EVALUATION: Each student will answer with 

75% accuracy, Questions concerning 
the principles and tectmlqucut of 
lead and silver solder r Instructor 
will check for accuracy. 

li What is the melting point rante 
fbr silver solder? 

li45°F to 1650°F 

2. What is the recommended silver 
solder joint clearance? 

.002" -to .605"- 

3i What type. flame is used for soft 

.ijc^ldcr^fi? „ - ' ' 



-Sof t~neatrai 

5 
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4. Spft solder always melts b^lbw 
what temperature? 

80D°F 

^ mo OF DAY SUraiARY 

• (Day 5, 1 hr) 

li Principles and techniques of 
silver soldering 

2. Silver soldering various type 
of joints 

3. Principles and techniques of lead 
soldering 

4. Cleaning 

5. Lead soldering various types 

of joints , ^ ^ 

ASSIGNlffiNT: 

Review: 3ABR5323b-SG-205 

Complete: ATCPT 52-1 VOL III flalnt. MangC. 

AiePT 52-1 yat iV Saint. Mangt. 

Read: 3ABR5323e-SG-2b6 and answer questions 

0 INTRODUCTfON TO NEW DAY'S INSTRUeTlON 

Day 6 J 2 hrs) 

i 

1. Evaluate outside ^ assignment and 

critique missed items * 

« 

2i R^OTiVATION: AF Airct;aft, caxinbn 

0 . plugs and other pacts 

3. REVIEW: • 

a. Principles and techniques of silver 
- soldering 

, bi Stiver soldering various types 
; oif joints 

c, Pirlnciplcs and techniques of 
lead soldering > 

ERIC ^ 122 



d. Cleaning 

e* Lca<l sbidcring var-ibus types 
of joints 

4. : OVERVIEW: Lead and silver soldering various 
types of joints. 

PRESENTATION. (Continued) - 

; APPLICATION: Students will set up and 
. solder various joints 

1 ' t _■ 

EVAiHATiON:: Instructor TdLil assist when 

necessary; check for accuracy 

lAW TOS^WA-l-S and check for 

observance with all shop 

safety^ good housekeeping 

and fire prevent ion measures 

V~ " : ^ CONCLUSION 

-(Day 6, 2 firs) ' - 

SUMMARY:,' : 

1. ' Principles and techniques 

of Silver soldering. 

2. Silver soldering various types, 
■ , of jojnts 

,. 3. Pi:lnc^les and techniques of - 
lead ^soldering 

4. 'Cleaning . " 

5. Lead soldering various types 

of joints. . / _ 

ASSIGNMENT: . Given at end of day stnnmary 

REMOriVATIDN: 

CLOSURE: 
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— PRECCASS PREPARATION 



E OU i PM E N T LOC AT E D 
* IN LABORATORY 



1. Oxyacetylene Wield- 
■ * ing Station Cdm- • 



2* Srindeirs and^Buf- 
• fers 



_ EPW'PMENT 
FRO M SUPPLY 



Toolkit 



CLASSIFfED MAT-ERIAL 



Hone 



G R_A P HI C Alps AND _ 
UNCLASSIFIED MATERIAL 



1. 3ABR53I3I-SG-2O8 

2. TO 3i;Wl;-l-S 

3. .TO_3iiWl4.-l-7 

Hbdern Welding i 
(Chapter 16) ^ 
film: Braze WelS- 
■ ing Beads • 



CRitERlbN OBJECT.iVES AND TEACHING STEPS 



a. Without reference, identifir the mechanical properties produced by tiazihg ferrous- 
castings and.fe3nx>us wrou^t .products -with fSfo accuracy. 

b. Given bxyace tylehe _ velding equipmeni; and gray iron castings , set up and braze 
"butt ^joints '-with lOOJ^ adhesion, free of- excessive oxidatidn and overlap fof_a__ 

V total combined ctistanc^of no less- than 3/1; the length of the specimen^ e^luding 
• the fiist 1/2 inch staxfc and the last i/2 inch finish. Jijl shop safety, good • 
housekeeping," and. fire prevention measures must he :ohseivedi 

c. Given oxyacetylehe v^elding equipment anS.* carbon steel specimens,^ set up and braze 
butt joints with lOOfo adhesion, free of excessive oxidatidn and overlap for a . 

• total combined distande of no Kss than 3/I; the length of the specimen excluding 

the first 1/2 inch start and the last i/2 inch finish. ^1 shop safety, gooSL 
: 'hdusSfeeiping, and fire prevention measures must be obseived. 

^eacMiig ^steps are listed in Part II. . 



\ INTRODUCTION Time: 10 mih 

I. Attention: 



2. Review: During bur last lesson we learned the USAF Inspection and Maintenance 
System and use of the Han-hour Reporting and Maintenance Data Collect ion 
System. ' • 

3* Overview: Upon completion of lesson, you will be familiar with thi 

fundamental principles and be able to apply the techniques of brazing steel 
• and cast i ron. 

k. . Motivation : . 



j * . BODY 

PRESENTATiON : \ 

K Mechanical properties produced by 
brazing 

a. Stronger than a soldered joint 

b. Is used where mechanical strength 
and pressure proof joints are 
des i Fed 

It does not affect the heat 
treatment of metals as much as 
fusion welding ; 

d. Used :to join dissimilar metals 

2. Brazing is ah adhesion process in 
which the metals being, joined are 
. : heated but not melted; the brazing 
filler metal melts and. flows af temp- 
eratures above 80C degrees F. 

. a. Advantages 

(1): The fict that Brazing is done 
without melting -tfhe base metal 
• • " greatly simplififec the repair 



Time: 6 hrs min 




(2) Due to lower temperatures 
required vvhcn brazing, exparislori 
and con traction are less. 

(3) Brazing is also the only practj- 
cle method of repair ijig malleable 
and white cast iron castings. 

(^) Brazed jblhts are more ductile 
than fusion Welded jolnts- 



3i Brazing rod 
a 



Monferrous alloy used as a filler 
material. 

b. Composed chiefly of copper, *zinc and 
tin. 

c. Melting temperatures rangjB^from 
approximately 97b°F to 2030°F.. 

4. Flux ' — : 

a. Hdterlal used to prevent, dissolve or 
facilitate removal of oxides and other 
undesirable substances. 

b. Keeps both the brazing filler metal and 
the metals being joined clean during 

. tHe brazing operation. 

c. Rendered and or liquid form. 
5^ Gray cast iron and Carbon steel 

• a. Gray cast iron 

(1) Contains '30-3^^^ pure iron- 
ed) Very fluid when molten, solidifies 
slowly, ideal for castings or 
intricate design.' 

(3) Brazed or fusion welded satisfactorily, 
b. -Carbbri steels 

(1) All carbon steels braze satisfactorily. 

(2) Low 

(3) Medluin. 



Interim Summary 
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High 

Brazing (j ray Cast Iron and Carbon Steel- 
Butt Joints ; , * 

a. Procedures 

(1) , Clean nietal 

(a) Grind or wire brush edges 

(b) Remove surface dirt arid 
grease at least one (1) 

. inch on each side oF joint. 

(c) Clean with a grease solvent 
dry cleaning solvent^ mineral 
spirits paint thinner. 

_ - 1> 

(d) Sear edge^ with an 
oxidizing flame 

(2) Bevel all joints ' , 

(a) Use grinder- 

(b) Checking grinding wheel 
for nicks or crack 

. (c) Check rests for distance 
from wheel 

(d) Round all; sharp ef^dges 

(3) Select tip size 

- (a) 'One size larger than 

jwould be used for fusion 
welding steel the same 
ttiickness . 

m) Select filler roci 



(a) According to filler 

table ^ ^ ; * 

(b) Select to "right compos i tibri 

(c) ^ Filler rod is composed of 

copper; tin and zihc. 

(5) Flame adjustment 



erJc 



(a) Slightly oxidizing flame 
for tlhhlhg V 

(b) An oxidizing flame is used 
also when a layer of bronze 
does-the job suf f Iclently^ 

(c) If two or more layers of 
bronze are used, flame should 

... be neutral • 

(6) P re-heat 

(a) P re-heat cast iron ^ ^ 

Approximately l2SbF r 
full red heat 

2^ Sroaj j partS: can be p)re- • 
heated Wi th torch 

3_ Large parts should be pre- 
heated in a furnace 

■ - •> ■ * ' ' 

(b) ^ P re-heat carbon steel 

Apprbximatejy 12O0F 
(cherry red) 

(a) Use a 1] be ral amount of flux 
when tinning the base metal 

(b) After the tihhLhg process is 
completed the flux should be 
us^d sparir>gly to avoid too 
much reduct|6h of the oxide 
film covering the molten pool 

(8) Applying the filler rod 

(a) Cehtrai cone is held "from 
1/8 to 1/4" away from 
surface metal 

(b) the flame is pointed ahead of > 
the deposit at ah angle of 
about 

(c) When base metal js too cold 
the bronze wi 1 1 not spread 



(9) Tihhihg the base metal 

(a) Thin layer of bronze 

over tfie area to be brazed 

( 10) When base metal Is too hot the 
bronze will ball up and vapors . 
will rise from the work. You 
are burhihg the zinc but of the 
bronze. . ' 

(11) "Brazing shoal d not be used on 
castings subject to temp higher 

* than 650°F.- 

(12) Cbblihg ^ c 
. (a) Cast I rbn 

r» 4^ Small parts should be cooled 
at room temp covered^ with 
• asbestbs if possible 



: 2^ Large parts should be cooled 
in furnace with all openings 
In furnace sealed. Furnace 
should be runup to •specified 
temperature. Place part iri__ 
furnace thah; turn- furnace bff- 
parts; cool as the furnace^ 
cool s . 

(b) Carbon Steel ^ ^ 

J. No particular method of 
cool ing 

03) Removing Flux 

(a) Use chipping hammer 

(b) . Use wi re brush 

(l^) Brazing fumes can be highly tbxic, 
assure adequate ventilation. 

" ' ■ ' • * 

(15). Some of cleaning solvents ar^ 

in flammable^ assure adequate fire 
prevention measures. 



Interim Summary 



interim Summary 
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APPLICATION: Students wi 1 1 set up and braze 
carbon steel butt Joints 

EVALUATION: Instructor wfll assist when necessary 
check for accuracy I AW TO 3^W4-l-5^ 
and check for observance of all shop 
safety, good housekeeping" and fi re 
preveh^tibh measures. 



END tF^DAY SUMMARY 
SUMMARY ' . ' 



1. 


Hechahical properties produced by 
brazing 


2. 


Brazing definition, advantages 


3. 


Brazing Rod 




Flax . 


5. 


Gray Cast iron 6 Carbon Stee^ 


6. 


Brazing G-^y Cast I ron &^ Carbon 
Steel But. Joints 



ASSIGNMENT: : ~ 

Review: ATCPT 52-1. VOL 1 , 11, III, V 
• 3ABR53230-SG-208 
3ABR53230-WS=208 

Read: 3ABR53230-SG-2S9 • 

Complete: 3ABR53230-WS-2b3 . 

Read: Modern Welding ilandbbok" Paragraph .2^-7 

iNTReDUeTION TO NEW DAYS iNSTRUeTION 

1, Remotivation : Do lOOl job on any brazing job ' 

2, Review: _ . 

•1 i Mechanical properties produced by 
brazing 

2. Brazing definition 

o ■ •:/•'• • ' ^ 130 

ERIC , 



. 3. Brazing Rod 
^1. Flux 

5i 6 ray Cast Iron and Carbon Steel 

6. ^Brazing Gray Cast Iron and Carbon 
Steel Butt Joints 

PRESENTATION (Continued) ' 

tf*PLICATI0N: Students will set up and braze 
butt joints of Gray Cast Iron 

<^ 

VALUATION: Instructor will cssist when 

necessary , check for accuracy I AW 
TO 3^W^-l-5, and check fbr 
observance of all shop safety, good 
housekeeping and fire prevention 
measa res . 

VALUATION: Each' student will answer with 751 
accuracy questions cbhcerhihg the 
properties produced by brazing 
ferrous castings and ferrous wrought 
products. Instructor will check 
for accuracy. 

K Is brazing stronger than a soldered 
joint? 

Ans, Yes ' 

2. When is brazing used? 

Arts* When mechahical strength or: 
pressure proof joints are desired. 

3- Does brazing affect the heat treatment 
of metals as much as fusion-welding? 

Ans. No 

k. Can brazing be used to join' - 
dissimilar metals? 

Ans. Yes 



CONCLUSION 



Time: 10 riiih 



IHMARY 



1i Mechanical properties produced by 
brazing 

7^ 
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3. Brazing ,Rbd 
" Flux ^ 



5. Gray Cast I ron and Carbon 
Steel 

6. Brazing Gray East Iron and 
Carbon Steel Butt Joints 



ASSIGNMENT: Given at end of Day Suiwnary 

• ^ ' ' ^ " .... 



7/ 



2. Brazing de4^^lnltlon ' 



3 
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1- 3ABR53i3i-S&-209 
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3. TO 3I4WU-I-7 : 
U- Hbdein .Weldiiig * 

ber 18) , 
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CRITERI ON OBJECTIVES AND rEACHjNG_STEPS 



a. • Without reference, identify the ^mechanicai properties and uses of various types 
of cast iron /with 75?^ accuracy. 



Given metal sj^cimens and grinding equipment 3* set up and identifly cast iron 
casting hy spasdc testing without error. All shop safety ^ good housekeeping, 
'and fire preverition measures must be observed. . 

Given dxyacetylene jwelding equipment and metai specimens, set up and fusion 
veld butt Joints of gray cast iron, with lOC^ penetration, free of undercut 
and 6ve33.ap for a total combiihed distance of no less than 3/U length of the 
specimen^ excit;ding the. first 1/2 inch start and the last l/2_ inch finish. 
^1 s£bp safety, good housekeeping, and fire prevention must be observed. 



s^eaching steps aa:e listed in Part II. 
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jMtRbbuetioN 



Time: 10 fill ri 



{I 



U Attention: 



i. Review: During bur last iessbh we learned fundamental principles and 
techniques of Brazing steel and' ca^t iron. 

_■• / __ * __ ____ _ _ - , " -- 

J; Overyiew: Upon completion of this lesson you will Be f ami liar wl th 

the fundamental principles and be^ble to apply the technique of fusion 
welding cast iron*. ' • * 

Hbtivation: 



BODY 

_ <• 

PRESENTATION 

!• Mechanical properties and uses of 
various types of cast irbri. 

a. Cast ifon In General _ 

(1) Product of Cupola Furnace 

(2) Type of cast irbri prbduced 
IS determined by rate of 
cooling from th^ molten state 

(3) Cbmpbsed bf iron 

■ Ik) Composed bf between 2.25 and 
k.Q% carbon 

(5) Possesses low tensile strength 

(6) Pbssesses high cbmpressibn 
strength 

(7) Used extensively for heavy 
machine parts 

b. White Cast Iron is Gray Cast iron 

(1) Cooled rapi dly f rbm mbl ten state 



Time: 5 hr^ AO min 

Discussion ^ Dembnst ration^ 
Perfbrtharice 



(2) Silvery white in appearance 

(3) Mechanical properties: 

(a) Wear resistance 

(b) Hara and brittle 

{k} Only method of repair is 
braz'hg 

c. Malleable 6ast Iron 

(j) Produced by heating white 
cast iron to about l650^Fj 
holding it at this tex^erkture 
. for several hours or days and then 
cooling it slbwlv. 

(2) Dull gray in appearance arid 
^bm^what lighter iri color than 
gray cast iron 

(3) Mechanical properties: 

j (a) Can be berit slightly 

/ ^ without breaking 

I (b) Shock resistance 

(c) ' Best method of repair 

is brazirig i 

Gray Cast I rbri / 

(1) Cooled slowly from molten ' * 
state ' 

(2) Dull Gray appearance ' * 

i (3) Mechanical Properties: ^ . • 

' (a) Weight 

(b) Rigidity 

Ik) Only Cast Iron that can be 

repaired by fusion weldirig or * 
brazirig. ; 

Spark Test I AW TO 34W4-1-5 ; ^ 
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Bring Met«il In contact with high 
speed grinding wheci 

(1) Check characteristics of 
complete spar1< stream carefully. 

(2) Spark strearn will vary In one 
more of the . fol lowing ; color^ 
oehsity, shape and length 

(3) Posjtive jdentificctibn can be 
made by comparing the spark 
stream of an unknown metal with 
those of a known metal 

1^1 'Spark test charts are also 
dvatlable 

(5) Wiite Cast Iron 

(a) Volume very small 

" (fa) Length 20" 

(c) CQlbr close to wheel - red 

- (d) Color at end of sti-eam - 
straw 

(e> Quahity of spurts - few 
(6) Mailable Cast Iron 

(a) Volame moderate 

(b) Length 30" 

(c) Color Close to wheel - red 

(d) Co [or at end of Itream - 
straw 

fe) Quantity of spurts - many 
(7) Gray Cast I rbn 

(a) Volume sma j j 
(fa) Length 20'' 

(c) Color close to wh«.l • Red 
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"(d) Caldr at end of stream - 
^ Straw - ^ 

\ le)- Quanttty of Spurts - Many 

3. Chip test , *^ 

» - - 5- • 

a* ^pistihguishes one type of Cast Iron 
froni, another 

fj-om the. part 
with a chfsel * • ; : 

c. The ease with which the metal can be 
chipped and ttie^ form of the chip gives 

• a means of identification 

d. TO gives spe'cific idehtif icatidn 
_ of each type cast iron using the chip 

.test . ' , 

.Fusion welding of gray cast ironbutt . 
. ^ joints 

} a. Preparing the metal for fusion 
wel ding 

r. U) Glean me taf 

(a) Sand blast can be used for 
' ^ - remdyihg rust or heavy 

l_ jT^^^i 9^ oxide ^ 



(b) Solvent can be used for 
" removjng rust or heavy 

coating, of oxTde 

(2) Bevel metal 

(a) If the rnetal is heavier 
than 1/8" crbss section, 

: the^edges are.to be 
bevefed 

(b) Cracks or breaks that 
1 canhat be removed for 

Beveling can be chipped 
out With a round nose or 
dlcmond point chisel • 



Aic\ — 1Fhe y=4na y-ral-SQ -bfe g to md 



out with a flexible grinder. 



c - - * . 

(a) Should a crack start to 
extend when heat Is app- 
V ' Ued^ stop drH Pto 

prevent Its spreading. 

(3) Srind off sharp ^dges 

(a) Use portable grinder 

- W Pre-heat . 

(a) Depends drt type and shape 
V of castings as well as 

the nature of the break. 

(b) targe castings such as 
cylinder parts usually 

c pre-heat the entire un±t 
before making k fusion 
weld. 

(c) Small casting local 
:pre-heat is adequate. 

(d) The pre-heat temp: fbr 
gray cast js approximately 
I200F. 



(5) Flux Rod 



ia) Use flux on rod at all 
. times on fusion welding 

(6) Tack ; 

(a) Tack should be made on 

each end of the metal and 
al$6 oh the center. 

J[7) Torch techniques 

(a) Tip should be one size 
larger thah used for 
steel the same thickness. 

(b) This will help keep frbm. 
blowing moltenhietal ahead 

^ on cold surfaces of the 

jdiht. 
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(c) Eadtlon^mast be tkken ; 

ajso to prevent burn i rig 

' : oat the bottom of the vee 
- too raprdly. 

(d) The tip of the central 
cone is held approx. 1/8'' 
to j/V' away from the . ^ 

• mol ten pool . ^ 

(8) Neutral flame 

(9) Backhand welding 

- - *■ -• - ' 

(16) Stir mol ten pool witf) rod 

(11) Cool slowly 

APPLICATION; Each student vvilj identify various 
cast iron specimeris, utMizing 
gr I riders • 



EVALUATION; instructor wMl check for accuracy 
lAU TO 3^m-]-5y observance of al l 
shop safety good housekeeping and 
fire preveritiori heasures. 



(Day .9, 5 hrs) END OF DAY SUMMARY 

SUMMARY ^ 

1. Mechanical properties arid uses of 
' various types of cast iron 

. 2. Spark test 

' ?. Chip test " 

4. Fusidh welding of gray cast iron- 
butt joints > 

ASSIGNMENT: . ' 

'Review': 3ABR5323b-SG-20a 

Read: 3ABR5323b-SG-2rC) 



J*f''l ';Jv^«w._or notes , stu'dy guides * ATCPT on TOs 
- 201 - - -"gOg— Tncl ui, i ve for Block Test ~ 



Interim Summary 



1, 

2. 
3. 



10, i hr) IimibDUCTlbN TO NEW DAYS INSTRUCTION 

Evaluate CTT Assignment arid Critique Hissed Items; ' 

Remotivatibri: ffust avoid over heating, warpage S distortion, 

Review; . 

^ . . !• Mechanical properties and uses of 
varibus". types of cast iron 

2, Spark Test 



: 3, Chip Test 



Fusion Welding of gray cast iron 
butt joints 



PRESENTATION (Gontinued) 

APPLieATiON 2.: Each student will. set . up and 
fusion weld gray cast iron 
- . butt joints. . ' 



EVALUATION 1, 



Ihstructbr will check for accuracy 
lAW TO 34W4-1-5, observance of aii 
sbgP safety^ good housekeeping and 
fire prevention measures. Instructor 
will assist students when necessary. 

Instnictbr will administer appraisal 
test. Student will answer with 75% 
accuracy questions 'cbriicerriirig mechanical 
jpr^erti^s ^rid uses of varioiis types of 
cast iron. 



SUMMfiRY 



CONCLUSION 



Time: lOmin 



1. 

2. 
3. 
4. 



Mechanical properties and uses of 
various types of cast irbn 

Spark Test 

Chip Test 



Fusion welding of gray cast 
iron butt joints 



.ASSl!aB i ^g,u,^^ , Summary. 
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Rfemptivatibn: 
.Cibstire: 
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PRECLASS PREPARATION 



E OU ! PME N T JJIJCAT ED 

_ _ ' IN caboratory 


_£QUI*>M£NT 
FPOM SUPPtV 


CtASSfFtEO MATERIAL 


GRAPHIC AIDS AMD 
UNCLASSIFIED MATERIAL 


OxyacetyleHe- • 
Welding Station^ 
Gbmplete 
2i Grinders and 
> Buffers ' . « 






1. 3AHi53i3i-s&-2i0 

2. TO 34WU-1^5 

' 3- Modern Welding 
(Chapter 20) 


Too3ixt 

c 


Ifone 



CRirgRIQN OBJ gC TIVES AND TFACHING STEPS 



a. Without reference*, identify the purpose, types, and mechanical properties of 
• . hard surfacing maSe]Sais ^-vdth 75/^ ac'curacy. 

T>. Given dlxyacetylene -welding eguipment and carbon steel specimens, set up and 
'perfbnm hard surfacing operations, free of excessive undercut, overlap, and 
porosity for a total comhined distance of no less than of the 

♦specimen, excluding the fi^ret l/2 inch start arid the last l/2 inch finish. . 
. "All shop safety, good housekeeping, and fire prevention jneasxires mizst be 
.observed;- ' * ' \ . 



c. Given hard suxfaced specimens and grinding eijuipment, s^t up, grind, and 
f^iish hard surface deposit to" a smooth^ even surface rxo greater than 3/32 
of an in6h over the entire area of the specimen. All shop safety, good hbuse- 
• keeping, and fire prevearbion measures must be observed. 



^reaching steps a^T3:^*1rea^^ 



lNTR0DUeTION 



Time: 10 min 



Attention: 



Review: During our last lesson we learned the fundamehtal principles 'and 
proper procedure of welding cast Iron,: (Fusion) 

7 " ■ ' 

/ _ . _ _ : _ _ 

Overview: Upon completion of todays lesson you will be^able to apply Jhe 

; fundamental principles of hard surfacing and be able to hard surface 
carbon steel . : - 

Mbttvatlbri: - " - 



- BODY 

RESENTATlbN: 

• Purpoie^ types and inechanical 
properties of hard surfacing 
materials ^ 

a. Hard surfacing is used to : 
extend the 1|fe of a part, 
the overlay may contribute 

(j) Hardness 

(2) Abrasion resistance 

(3) Impact resistance 

(4) Heat resistance 

(5) Eorrbsibn resistance 

(6) Antifrictibh prbpcrties 

b» Metals which can be "hardfaced" 

(1) Hbst steels and steel 
allbys may be hard 



Tiine: 2 hrs^O mIn 
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(2) Some high "vanadium steels * 

and high speed tool steels . \ ■ 

cannot be hard surfaced 

Job requirements to consider 

. (1) The nature and cause of 

,wear ' 

(2) Metal surfacing materlar 

needed to reduce this . 
wearing condition 

(3) The process most : / 

omica! for applicatibh Interim Summary 

To meet the various requi remehts many 
types of hard facmg alloy have 
developed, for slmpl if icatlon^ these 
aUoys are generally classified into 
five broad groups 

a. Group . 1 : • 

(1) Consist of an Iron base and 
has less thajr 201 of alloying 
elements 

ff 

(2) Has greater wear resistance ; 
than any machine steel 

. (3) Although not as hard they * ^ 

have greater toughness and 
shock res I stance than other 

hard-faclhg alloys * 

(4) They are used to build up 

badly worn sections -before , . 

applying a final harder . 
. surface with a better grade 
^ of Hard facing alloy 

(5^ ' Stoodex and Stobdy self- 
hardening are rods which 

fall into^this group . - 

b. Group I U: 

(1) I ron base having 50 to 80% 
> Iron and more than 201 

alloying elements ^ 



(2) These alloys are u^ed for 
;the final hard viear resis- 
ting surface after the 
part has been built up with 
strength, rod 

(3) Stood! te ^ahd haschrome are - 
types of rods used, for this 
appl i cat I on ' 

ifi) For nietal to metal friction 
and severe abrasion (Gears) 

Group Mi: 

(1) Consists of nbnferrbus alloys 
of cobalt^ chromium and 

_ tungS ten ~ : _ 

(2) Si If ram and stellite ar^ the 
hardsurfaclng rods found In 
this class 

(3) toughness and strength 

{k) This material is used exten- 
sively for the valve seats in 
internal combustion engines 

Group IV: 

(1) This group of alloys' consist 
of so cal led' carbide materials 
of diamond subst i tutes and 
are the hardest and most wear 
resistant of all hard facing 
materials 

(2) Mainly tungsten carbide 90 - 

(3) The remainder beirig cobalt, 
. nickel and iron or similar 

metals 

ik). Extreme earth abrasion and' 
earth cutting operation 

(5) Cobalt, nicker and iron give 
strength, toughness, heat 
resistance and impact strength 
to the -tungsten carbide, o 
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(6) Some of the alloys are almost 
pure tungsleh carbide hb all- 
oying elements 

(7) Altpy of this group Is In form 
of smai I cast ing 

(8) They -are welded on to the 
wearing surface by means of 
other metals 

(9) Use rod borium and cobalt 
bdrium 

Sroup V: 

. (1) Thi s group of at joying cons- 
ists of crushed tungsten 
carbides of various sizes 

■ (2) Hay be fused to strips of 

,mild steel tubes of various 
diameters 

(3) May be applied to wearing 
. surfaces- as welding rod 

: {k) Crushed tungsten carbide are 
also available in loose form 
a> granular pieces or powder 

(5) Carl be sprinkled oh wearing 
surface and melted into it 

(6} More expensive but has a 
longer 1 i f e - 

(7) Tube bofium and bbrbd are 
some of the types in the 
group 5 cl asses 

(8) Rods used are:borium and 
cobai t borium 

(9) Extreme earth abrasion oh 
small parts oh thih sectiohs 

PreparaUoh of metal for Sard surfacing 

a\ Must be clean, of all scale » rust, * 
- -di rt or other foreign matter. 
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(2) Machining - 

(3) ehippini 

ik) When these rtiethe^l^^^a^re not 
available use: 

(a) FiUng 

(b) Wire brush 

(c^Sari<lb1 as t+rrg : — 

(5) The latter methods are hot 
' recommended due to leaving 

small paxticies of foreign 
matter on the surface of the 
metal which has to be floated 
: out during the hard-facing 
- opera tibh. 

(6) Alj edgesN>f grooves, corners, 
or. recesses' niust be rounded 

to prevent overheating. ^ 

Pre-heating 

(I) Same in hard-facing as in 
welding 

(a) : Steels in the heat treated 

condition should be annealed 

(b) Quenching in water will 
crack the hard facing 
layer 

(c) Quench in oil if it is 
necessary" 

fluxes: Used when there is more 
thah.prie layer of alloy necessary. 

(1) ' this helps to remove scale 

and oxides formed bri the base 
metal 

(2) This appl ies to cast i ron a 
cast-iron flax may be used 



(30 Flux permits gas, oxides 
and slag inclusions to 
. come to the surface 

. (4) This will result in a 
hard and solid surface 
layer 

. d« Thickness of deposit 

tlj In most cases, the hard 
facing deposits range 
from 1/16 to 1/4" in 
thickness 



(a) Depends upon 



Hard 'surfacing carbon steel 

a. 'Select tip two sizes larger - 
than for welding 

b. Adjust to carburizing flame 



cV torch angel 45®, rod angle 
45® - . 



d« Bluing mctariip~*td Iwiati'fi^ - 
temperature apprpxiinately 
white heat or 2200®F 

e. Apply hard surface rod in . 

_ similar' manner as brazing ^ 
rod 

J Interim Suirana 

Finishing and brinding hard surface. 

deposit - ' 

_ — " ~ _ ^ _ _____ 

a. Check for cracks in deposit 

- ^ _. •_ ■_ < 

hi Inspect for insufficient ^edge 
buildup and burned deposits 
. ' ■ \^ 

c. Grind off approximately 1/2 of 

the deposit and inspect for . 
• porosify ^ • - 



APrUCATTONi 



EVAtUAfldN: 



SUMMARY: 



CTT ASSIC^IMEOT: 

REMOTIVATION: 
CLOSURE: 



1. Students will set up. and hard surface carbon steel. 

2. Students will grind and finish hard surfacing deposits. 

1. Instructor will assist when necessary, check -accuracy 

' lAW TO 34W4-1-5 and Ci^ec> nbcu^vaticc of all shop safety ^ 
good housekeeping and fir.- pr'j\cntidn tneasures; 

2, Instructor will administer Appraisal tiast." Each student 
will answer questions with 75% accuracy^ identifying the 
purpose^ types arid tnechanical properties of hard surfacing 
materials. - 
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CONCLUSION 

Purpose, types and mechanical properties of hard surfacing 
inaterials. 



2. Job requirements. . : , 

3. Types of hard facing alloys. 

4. Preparation of metal for harcj * surf acing. 

5. Hard surfacing carbon steel. 

6. Finishing and grinding hard surface deposits. 

Read 3A5R5323I3-SG-301 Metallic Arc Welding and answer 
questions. ^ ^ 
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Metallurgy Branch • 3ABR53230-SG-104 

Chanute AFB; iiiinois , 

■ ^SHdP AND FhiaRT LIKE SAFETY PRACTieES 
QBJECflVES - " ■ 



After completing tSis study giiide and, your classroom instruc- - 
tion, you, will be able to apply safety precautions in the shop, 
with radioactive parts and materials » on the flight line, and you 
will be" able to utilize health and safety devices. 



•iMTRBeueTieN 



Personal safety and fire prevention are especially important In 
metals processing because of the types of equipment which .are used. 
The use of gas welding and arc welding equipment involves working 
with open flames and exposed electric arcs:; in heat-treating there 
is danger of injury from tfie'.electric furnace or from hot metal. 
Electroplating involves the use of acids which can inflict bodily 
injury. Weld repair of fuel tanks r if proper precautions are not 
observed, can expose the worked to explosive or toxic gases. We will 
discuss specific safety and fire precautions relating to the various 
itSis of equipment 'and metals processing operations as we come to - 
then-, in the course, in this study guide we mention briefly general 
precautions which must -be observed with regard to shop safety, health- 
and safety equipnient, the . flight line, and radioactivity. 
\ ■ ■ - - . 



INFORMATION 



. / 

SHOP SAFEtr 

These general shop safety rules should be strictly enforced! 
1. keep oily or greasy rags in covered metal containers. 



■ 17 ^ 
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study GuMcs and-Workbooks arc traihShg publications authorized by Air training Corrmand (ATG) 
Tor stadent-use iii ATC courses. ' ^ 

1^ _ _ _ _ 

The STUDY GUlDiS (SG) prScnts the infurmatipri you'need to complete the unit of ini'truction or 
mak^ assignments for you to read m other publications -A^hich contain the required information. 

The WORKBOOK (WB) contains work procedure*? designed to help you achieve the lea ^^^^^^ 
objectives of the unit of instruction. Knowledge acquired from using the study guide will nelp you perform 
the missions o? exercises, solve "the- prbblems. or answer questions presented m the workbook. 

The STUDY GUIDE AND WOHKBGOK tSW j contains both SG ahd'WB rtuUerial under one cover. 
The two trnming^oblscatlons may be combined when the WB is not designed for you to write in. or when 
both SG and WB'are issued for you to keep. 

training publications are designed for ATC use only, they are updated as necej^rv for traim 
purposes; bat are NOT to be used on the job as authbriiative references in preference to Technical Orders 
or-otbef official publications. ^ •>* 
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2; Wipe up oil or gre«e spcts from the fic5r and the work- 
bench innnediately-. 

3. Do not weld in the vicinity of flammable aatcrials. 
- 4. Make certain that a- fire extinguisher is h.ar before you 
begin welding- 

■ 5, Do not allW hoses or arc welding leads to "clutter 
ar^a and> become stumbling, hazards. „ ' 

■ 6. Keep all hatidtools and special tools not in use in their 
' proper places. 

7. Store metais in a stock rack. 

1 1 and well ventilated. 

8. Keep the shop area clean, wexl lighted, ana wex 

Health and Safety Equipment 
— : -OFs'erve -these health and safety equipment rul^^^ 

DO not wear ragged clothing^^or clothing with open pockets, 
missing buttons, or rolled cuffs.; , 

2. Do tibt wear low-cut shoes." 

Wear aS,prOved ^heSet lenses, gloves, and apron for protec- . 
tion againlf infrlr^d and ultra-violet r.ys when arc-weld.ng. . 

[ : 4;' Warn all: persons nea^ electric welding; operations against 
at the arc. , < , 



^ 5 wear the type" of goggles appropriate for the ^ ^l^^ 
^^i^.^ ^£r.oggles while ^ou jr e sing a cuttin g torch. 

■ / 6. Wear chipping goggles M:o protect against flying hot ,slag 
when you are cleaning welds. - 

• ' .7. /l^rk hct W. DO not leave hot metal in places where it 
will create a hazard. ^ . ■ , v 

■ 8 DO not- hold hot, welded ^terial with tongs, rags, or with 
■ gloyes'vSiich you use for buffing and grinding. 

9. . Cool all welds" prior to buffing, iriffding, or inspecting. 

■ 16 When you are/electric-welding outside the stationag^^^ 
booth!* incSse the arc with . portable .creen to protect personnel. 

'• U. Spilled cutting lubricant must be promptly moyoed up to 
avoid the danger of slipping or failing. 
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BRIbb PRESS ^ _ , 
The following precautions apply to aifill presses: _ 

1- • to prevent the work from slipping in the hand during 
drilling oi boring;- clamp the stock to the table of the nachine. 

• 2, if the stock becomes loose from a clam or -'vise during 
drillirig or boring, stop the machine. Never try to stop spinning: 
stock by haiid. ' ^- 

: 3.^ Chuck Wrenches must not be left in the chuck While the 
*raa chine is in operatibh, . ' 

' 4. The operator of a drill press, should not .wear gloves, 
loose unbuttoned cuffs, long flowing ties, ^ or jewelry. 

5, " Never attempt to use a rag ^to brush shavings, or . surplus 
oil from stock being drilled. - - ■ 

• - ^ FIRE PREVENTION 

Equally as important as good housekeeping is an efficient fire 
prevention system. You should carry out all safety precautions 

•ain to the pr gy'^htinri of f ires. You must know what^to ^o^ 



when a fire occurs. Maiiy fires are caused by carelessness and by 
poor housekeeping. Oily rags are fire hazards. Poor storage 
practices , ■ esoecially of flammable materials .may cause fires . 
■ Overloaded -erectrical outlets and defective circuit brsakers_ are 
" also' fire hazards. Here are a "few precautiojis that you shouid 
observe; you can add to the list from your own experience. , 

■ 1. Do not allow oily ragg to accumulate. , 

2. ■ Observe the signs in the HO ^OKING areas . 

3. ^ Do not allow your clothing to become saturated wit^ fuel 
or oil!- If they do, change your clothing as soon as possible.^ ; 

■ . 4. Do not~store gasonneTlctrbsene, jet fuel* .or any other : 
flammable fuels in open Containers. . ; 

■ 5; Make sure always that the static lines aie in place and 
that the aircraft is grounded properly . before you work on it. 

6. DO not put cigarettes- or matches in a waste basket even 
if they appear to be cut. ^ 

7. Do not bpe^i any oxygen valve near a flame or a lighted 
cigarette. 

Since fires will loccur ^ hb matter how many precautions are 
taken, you must be ^eidy to fight them quickly and effectively. 
You should know the telephone number of the base fire department, 
the location of the fire extinguishers * and which type of extin- 
guisher to use for the type of f irfe you are fighting. The 
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teiephpiie number of the base fire department is usually posted \h 
larger letters on posters ifi the shop, in the barracks, and 
the flight ilrie^ As^a rule, the base telephone directory has 
this number .printed in large letters on tht2i cover' page or on 
one of the first pages of the book. If alarm boxes are installed 
on your base^ learn where they are arid how to use them* Locate 
the fire extinguisher in your work area^ determine what type it 
±5, and learn how to use it: if the heed arises- 

■: . --^^ HEteiNG AND GUTTING SAFETY " ' 

"Because of the potential' fire and explosion hazards present 
ill any welding or flame cutting operation, safety rules must be 
followed very closely to avoid irijury to personnel or damage to 
equipment • 

1. No welding should be done on containers havirig had cbmbus- 
"tible materials in them until fthe containers have been properly 
flushed ^nd steamed, 

'2. _Tariks removed from aircraft for flushing and steaming 
must be elprrrii^^l ^y grounded during the operation , ■ 

■ 3. Welding on aircraft is to be done only in the case of 
emergency and by special permission of an pfficerior supervisor 
charged with 'the responsibility for welding 'and flame cutting 
opera tidris* - ■ " ■ * > 

4. *- When welding is performed outside- of certain ^^signated 
safe ar^aSi permission w^^t be secured from an officer or super- 
visor having jurisdiction arid special precautions must be . taken 
against* fires • ; ' 

5. " Hot metal should be cooled or marked HOT. . 

6. -lioses^and arc welding leads should not be allowed td'' clut- 
ter stairs ^ walkways ^ or ladder s'^tTir^creaTe—a ^stumbli . 

7. ^ A fire extinguisher must be 'in the iranediate vicinity when 
^welding is to be done,: One or more fire extinguishers should be 
carried as regular equipment on all portable welding apparatus,^ 

* \ 8; If welding must be • done within 100 feet of tanks containing 
flammable liquids or vapors ^ no one shall be allowed to work on -the 
tank or- remain closer t^to the tank than tlie welder. ; ^ 

Storage and Haricll in^ 6f Eyl inders 

1, Oxygen and acetylene cylinders should be stored separately 
in a cbbl^ well veritilated, fireproof building-. 

2. Explosion-proof electrical equipment must be used in 
cylinder storage rooms ♦ 

3r No open flames, grinding tbdis^ or cpark--emittirig devices 
shotiid be used within the storage rooms • 
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4. . Smoking or l:arrying matches most not be allowed iti the 
storage room. * . . ^ 

Si Cylinders should be "storied in an upright p6sitlo_h While 
in storage. . ' 

6. eylinders mtist not be stared near combustible material* 

7. Cylinder' valves should be closed tightly and protector 
- caps should be in place;* 

..... 8.r- - Cylinders Should be' used in the order received and marked 
••MT" when empty. - ' 

9; eylinders should be handled with more than- ordinary 
caution; Rough- handling- niay cause leaks that may result in an 
explosion. . ^ 

10. Cylinder :vaives or plugs are not reparab-le. Leaking 
cylinders' must be removed into .the 6pen>- away from fire. 

2.i\ * Valve protection caps should not be used fo^^li^^i^S cylin 
ders. Cradles should be used for moving cylinders with ^ crane ^ 

12.. Welders must know the markings for cylinders -Cv: cording 
to the gas contained. ^ • 

1^. . Acetylene gas must hot be transferred from one cylinder 

14. Neither acetylene nor oxygCT are used to test for leaks 
iTi any container. , 

15. Oil and oxygen under pressure Ttiay form a self-expiosiye 
taixture: therefore, no oil, ^gases» or lubricant of- any kind should 
be used on oxygen cyiintiers or regulate: connections. 

j^r. • Cylinders shot^id'not bt used as rollers or for the support 
of materials. 

17.. If cylinder valves oius; be thswed out, cijly steam or hot 
vrater r^y be used. 

FLIGHT LINE SAFETY 
ebsef\re the^foUbwirig flight line safery precautions: , 

1. When^jver possible i remove Units from the aircraft- and 
weld repair T:hciE ir> the shop. , _ , 

2. Weld dr. aircraft only in case of emergency and then only 
by special permission of the supervisor in charge of the aircraft. 

• 3; When welding inust be performed anywhere oh the flight_line 
outside of designated safe areas, secure fermission from the officer 
in c':iarge of the area. 
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> 6. Remove at± flammable materials from the area prior to 
reiditig. . _ ; 

5. Insure that suitable fire extinguishers are in place prior 
:o welding. . 

6. Insure, tfiat eS:plosive hazards do hot exist prior to 
reidingi 

7. if a- fire hazard exists after all precautionafy Measures 



lave 
>e 



t been taken, the fire warden will decide whether welding will 



: RADieAETIVITY 

Radioactivity is not hbrmally a health" hazard in metals 
>rocessing, especially since nondestructive inspection has become 
I separate Air Force specialty. You may never be required to work 
lear radioactive or radioactive-contaminated materials; however, 
-adiation is such a serious health hazard, that elaborate precau- 
-iohs are taken in the Air Force to guard against even accidental 
exposure. You cannot see radiBactivity^ and several hours may 
eiapse after exposure before you feei any effects; therefore, you 
rast^e able to instantly recognize radiation warnings. 

there are three types of radiation: alpha, -beta, and gamma i^TST 
single particle of radioactive material, may emit ^all three, types of 
radiation. Alpha and beta radiation Mve very little^penetrating 
power. Alpha radiation penetrates Only a few inches of axr and , 
beta radiation jenetiates only a .few feet of air. External contact 
is not hanaful^'^ Alpha radiation is harmful only if you- breathe, est, 
br drink" contaminated particles, or if they come' in contact with a 
broken skin surfaces' Exposure to beta radiatibh is more hazardous 
ffian al^ha. radiation because of its greater penetrating power.. You 
can protect against it J>y wearing a respirator and protective _ 
clothing. Gamma radiation penetrates many hundreds of feet of axr; 
there is ho barrier which Can completely stop its penetration. 
External cohtact is extremely hazardous and can result in cell damage 
eithe? exteraaily- or Internally. The primary purpose of the various 
ftFTO Form 9 warning sighs is to guard against gamma radiation.": ^ 

All radiation signs aisplay the distinctive magenta insignia 
against a yellow background with black block type as shown in 
figure 1. The warni-hg signs are designed to attract immediate 
attention.- Each sign is designed for a specific purpose, and the _ 
eaact size fo^ iost of them is specified by technical order. The 
AFTO 9 series forms are listed below. 

i. AFTO Form^, Radiation Area Warnihg Placard (8 1/2 x 11 
Inches). These placards are posted in conspicuous, places and 
indicate that the radiation intensity in the area exceeds a safe 
level. 
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2. AFTO Form 9ki figure 1^ Radiation Warninig Tag (3 1/2 x 6 1/4 
inches^i This tag identifies radioactive parts^ ^equipment ^ or ^: 
material i It is attached to each it em. 

3; AFT© Form 9B,\ Radiation . Warning Label. This is a flexible 
but durable gummed label; A sufficient niamber of labels are 
attached to. insure that one is visible from any direction of 
approach. ^ ' ■ 

4. AFTO Form 9C^ Radioactive Material Warning Placard (81/2 x 
ii inches) i* This placard identifies ah area in which radioactive 
materials are stored. r * 

^ 5. AFTO Form 9D, Ingestion liazard Placard (8 1/2 x 11 inches). 
This p>lacar^l' warns against eating, drinking, or smoking in the 
area and is displayed as directed by" the .base medical service. 

6. AFTO Form 9E, High Radiation Warning Placard (18 x 24 
inches). This placard identifies ah iarea in which the radiation . 
intensity -exceeds 16G tnr/hri • 

7. _ AFTO Form ?F, :Airbdrne Radioactivity .Warning Placard. The 

use of thi^ placard, is directed by the base med:'.cal serr/ice when . 
radioactivity is pi'^sent. . 

— Prior t o work in g near r adi b ac t i v e or - r adi^^-t-ive^ORiaro^^ — - 

materials, metals processing people, and in particular: the shop fore- • ' 

-mari, should' become familiar with the OOrllO technical order series. - 
This series provides useful inforraatidri about safety precautions, 
decontaminatioh prbcedulres, a^ disposal. For 

more details "about markihg.ahd id^tif icatibn of radibactive and 
radioactive contaminated Jr^terials ^ consult ^TO OO-llDN-3, Reguisitioh i 
Handling , Storing, and Idehtif icatibn ' bf Radibactive and " 
Radioactiveiy Contaminated tetertal . 
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Figure 1. Radiati'on Tag. 
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HANDTOOLS 



OBOECTIVES 



After cbmpietihg this study guide arid your classroom instruction, 
you will be able to select^ properly use^ and care for handtdols r store 
shop equipment and materials. / 

INTR0DUeTI0N 



Each tool and measuring device is designed to do a specific job 
iii a specific way. ^Al though some of them can be used for more than 
one purpose^ you can dp'^ a better job by using them for their 
intended purppse.. By learning to properly use them, you catL_improve 
the quality of your work. 



INF0RIWI0N 



HANDTOOLS 



The process of laying out bench metal vork projects and the 
subsequent shapings forming or manufacturing of these projects 
require a good knowledge of the tools which are used to dp the 
job. We will explain th'ese tools in more detail so that you may 
acquire some of the techniques ^d cricks-bf-the-trade that ouher^~ 
wise might escape ycu and prevent you from developing skill iS 
their use. 




SOUP FRAME 




ADJUSTAitE FRAME 



Figid^e 2. HacksajJis . 

' RAEKSAW , . ^ 

Frame ^ 

A hacksaw is used to cut inetal i^uch as a carpenter's saw is 
iised to cut wood. Common hand hacksaws have either adjustable 
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ftm^^t solid fran.es as shb^. ^","8"? -^..ff^^^S Sndfofw^^k.^ 
various typeff are inserted in the frame for -different Kina?^orworK. 
rSjUsSbl. frame can be adjust:^ to hold biades fro. 8 to 16^ 
inchel long; A solid frame, although m|^e ^^^8^^ '."f ^^^""distance 
ienpth of blad^ for «hich it is nacie.. This. length is the distance 
llgl^n the two Pins :^ich hold the blad... in place m hac saw 
frames hold the blades either parallel ^^^t righva^|ies 
fram. and are provided with screws for pulling them taut. 

Blades _> -~ 

. Hacc..^ biad^ are Sde °LHipStadJ p=ol steel. Mtgn.^^^ 
and tSPered. There, are wo types: the a".""" J ^£ 

The teeth Of all hacksaw blades are set t° P^^^^f ^^J^f " 
for tS blad^ The three different kinds Of set are alternate, 
ror cne Dxaae. xnc un^*^^ — , . • Ait-ornate set means 

rakeri' and undulated, as shown i"Ji8""J- ,*^"^"^|^osite direc- 
that alternate teeth are : bent slightly sidewise ^"^gf J^yj^^^ 
tibns. en a raker set bl ade^ ^very^ir^ tooth remains straight. 
~S: d the other two are set -^I^ a L el > . On a n-^ndul^ted set blade, 

short sections of teeth are bent in «FP"|^^^^"^'Jv ^.3,fa |ut! 
shbuld have j-t enough set to^proauce a free l^ooth^^ a^ 

wliich makers a kerf ^slightly wider , than the biauu icse^i, 

lib more stock than necessary. - 



ALTERNATE SET 



,i • RAKER SET 

ONOOOO'ED SET , 

^•igure 3. Set c>f Hacksm) Blade- Teeth. 

Selecting the' best hacksaw ' blade for a specific job is _ a pes- 
tiSn of using either an all-hard ot flexible blade with a pitch test 
iuited to the^work .it^ hand. Several factors should be considered 
in blade selection. _ ' ^ 

1. An all ha^d blade is best for sawing Srass,. tool steel, 
tast iron,' rails, and other stock of _ heavy cross section. . 

2. In general, a flexible blade is -us'c-U\ for sawte^ 

sliapes and metals Of light cross section, such as . channel iron , tubing, 
; t±n> copper^ aluminum, or babbit; * 

'26 

ERIC . " iSl . 



eORREGT 



INiSORREet 




14 TCCTM rtn WGH 



FOIt_HJLO_MATCflUI. 
LAMt SECTIONS 



CNIP CCEARAMCe 




TCCTH cu)ooeo 



ItTCtTH PCX INCH 



PtCMTT OF 
CKtP CLEARANCC 



WOK CARBON STECt 




NO -CHIP CLEARANCE 
TEETH CtOOGED 



24 TEETN PC^t INCH 




FOR ANCLE JR0N,JIRA£^ 
COPPER, IRON, PtPC« ETC 




TWO Oft ttORC 
TEETH ON SicTlOii. 



STRADO^ WORK 
ilRtPPlNO TEETH 




2 TEETH PER INCH 



rOR CONQUlt, tMN 
TU8IN6. SHEET MC^AIf 




TWO OR UORE 
TCTTH OH • 4CCtl dii- 



STRAODte 
'STRIPPINatiTyTV 



Figure 4. CotTeot 'Pitch of Uacksmo Btades. 



3. _ Figure 4 illustrates the principles involved iii selecting 
blades with the most suitable pitch for indst jobs. 

a. Use a blade' with 14 teeth per inch on machine steel, 
coid-rolled steel, or, structural steel. This course pitch makes 
the saw free and fact cutting. 

: b. Use a blade with 18 teeth per inch on solid stock, 
alumihum, babbit, tool steel, hi^h-speed' steel, or cast iron. ..This . 
pitch is recommended fpr general use* 

c. Use a blade with 24 teeth per inch on tubings tih^ 
brass, copper, channel iron, and sheet metal over "18 gage. If a 
courser pitch is used^ thin stock tends to strip the teeth out of 
the blades. Two or more teeth should be in contact with the work, as 
shown in figure 4. ' 

d. Use a blade with 32 teeth per itich on thin-walled 
tubing and. conduit i and on sheet metal thinner than 18 gage. 
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■ Figure 5. McMng Cut Deeper Than Frme. . 

After selecting the correct blade snd insuring that ic is 
stretched tightly in the frame, aark the stock at the point to be 
cut with a scriber» soapstoneT, or pencil. If special accuracy^ is , _ 
required, nick the work, with" a file and start the saw in the nick. 
Be certain that the , work is gripped ttgSciy in a- vise, with the^line 

to be c&t as close to the vise jaws- as possible.^ To cut angle^iron Ji 

-or-any odd-shaped wrk, expose as such of the surface as possible ^ _ . 

so that a comer may be dut gradually and_the maximum number teeth 

engaged throughout the cut. It is best to start cutting on tfie ^ ^ 

widest surface of the^wo^k. Figure 5 shows the right and wrong methods 

of starting hacksaw cuts. The hacksaw should be held vertically and - 

moved forward ^th a light steady stroke. At the end of the - , 

stroke^ relieve the pressure and draw th£ blade straight bacK.fttter 

the first few strokes, make each stroke as long as possible without • 

striking the saw frar.e against die work. Do not bear -down on the 

sw 5S the return stroke. Keep the- saw in the same plane, through - 

tlie cut, otherwise Se blade. may be cramped : and broken. To make a 

cut d^epet tiian the frame, turn -the blade sidewise,. as shown in 

figure 6.. The most effective cutting spee:d is f rem ^50 to 60^ strokes 

W SLSute. When the work is nearly cut through, relieve t^e pressure 

on tte saw slightly to pfevent ihe teeth' "from, catchjng. Special care 

is needed toward the end of a cut through thin materia^^ 

very thin stock, it is advisable to clamp the work between two pieces 

of wood. /or soft metal and saw through, all three .pieces. This prevents 

chattering and possible damage to the work. 

The chief danger; in using- hacksaws is injury to the hand v*ert a 
blade breaks. The l>"lade nay break' if you bear down too hard on the 
cut or do not push the saw in a straight line, if the work is not 
tight- in the vise, it can sometimes slip, twisting- the blade enough 
to break it.^. 
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Figure 7. File Ncrierictaturc. 
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A file is a hardened high-carbbh steel tool for .cutting,, removing, 
sinoothihgj ; or polishing metal . The catting., teeth are mad« by diagonal 
rows of chisel cuts along the face of the file-, as shown in figure 7. 

— — > ' • 




COARSE 



BASTARD SECONO-CUT SMOOTH 




— — — IJOUBtE^T — T " 

FigitT-e 5. File Cuts. 

Files are classified by name > grade, and cut. The cut may be 
either single or double, as shown in figure. 8. _ The grade refers to ^ 
the distance between parallel cuts and may be listed in the order of 
coarseness as float, corase^ bastardy second cut, smooth, or dead ^ 
smooth, as shoim in figure 8. . ' / 

-Files are made in various shapes and range in length- from 3 to 
24 ii^ches. Figure 9 shows a cross sectional view of the various 
file shapes. 



SOUAlrc tOUND HALF nOOMO 



Figure 5. Shapes of Fttes^ 



29 



Mill file 



. The ttiil file is a single cut. file tapering in thickness, and width 
for one third of it^ length. It is useful for fine work. This _ file 
is available with eitlter square or^ round edges or with a safe edge 
^ich Is -smooth arid has no cutting- teeth. ; . ■ 

Flat File 

This is a double cut- file tapering in thickness and width; it is 
used isainly as a fast cuttirig tool. 

Round File . 

■ The rourid file is usually tapered arid has a- single cut. It iay 
be double . cut iii larger sizes. It is also known, as a rat' tail f ile. 
Parallel or uritagsred round files are also available. The main use 
of this type of file is to enlarge circular openings or concave 
surfaces i : - ' ; 

Hand File . ■ 

This' is a single cut file, similar in shape to a flat file with 
par^iel sides and a slight taper in thickness.' It has square edges, 
one of Vaich; has a saf e edge. • 

Half Round File 

• This is a double-cut file^ tapering in thickness and width, _ 
with one flat side and one oval side.- This file is used for removing 
VtbCk iapiSly and filing cbricave surfaces. 

.Selecting the Corrett File ' 

i. Fbr heavy, "rough/ cutting, use a large, coarse, double-cur 
flie, * - • . . . ' 

i * 2i For finishing cuts, use a second-cut or smooth, single- 
cut file. - * 

* 3, For fiiin'g^cast iron, start with a bastard cut and finish 
vittt a second-cut file. . . - 

4w'-- For filing soft steel, .tart \?ith a second-cut, and finish 
with a anooth fiie^ \ : - 



Figure 10. Float-Cut File. 
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5. : Fbt filing hard steely start with a smdbth-cut, arid-finis 
with a dead smooth file. 

6. For filing aluminum^ lead^ or babbit metal^ use a float cut 
file^ as shown in figure 10; 



?i For smaii work, use a short file; for a medium sized work; 
u^e an 8 or 10 inch file; for large work, use a file as large as 
you can conveniently control. 




Figure 11\ Correct Wag to Hold File. 



Using a File 



The correct way toehold a file is with the handle against the* ^ 
palm of ^e right hand, thumb on top ^ and the end of the file in the 
left hand with the fingers curled under iti as shown in figure 11> 
*In filing, lean forward with the wsight evenly distributed oh both 
feet* The file must be held straight or tjie surface of the work 
becomes uneven. Too much speed may ruin the file and 'the work^ so 
do not take more than 30: to 40 strokes per .minute. Apply pressure 
oh the forward stroke only. Lift the,fiie from the work on the re- 
turn stroke ta. prevent it from becoming dulled by the scraping 
action. Apjjly only enough pressure td make the file cut .evenly. On , 
- :>f t metals i such as aluminum or lead, \pressLre on the return stroke - 
sips to keep the cuts in the file clean of tnetal. rounr' r--.rfaces 

^re filed, best results are obtained by working as shown in f* L-' ' 2.2. 
Thi3 is a rocking motion. 

it is bad practice to bear down hard' oh a new file.* When the 
file is new, the teeth are very fine and c^annct stand much pr^-ssure. 
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Figui'e 12. Filing Round Surfaces. 

Hold the work firaiy in" a vise, with the surface to be filed pro- 
jebting slightly above the vise" jaws, and parallel with them, as 
shown in figure 11. If the work is not firm in the vise, the file 
may chatter arid damage the teeth. 




Figure IS. Dras^-Filing, 

To produce a very smooth surfaces-work Is sometiiiies draw filed. 
In draw filing, move the file sidewise along the wprk,_a^ shown in 
' figure 13. A single-cut smooth file should be used. Pressure is 
heaviest on the stroke towgtrd tiie body and very light ori_the return 
stroke. For a finished stsooth surface^ wrap a piece of fine emery 
cloth around the file arid proceed as in draw filing. 

A file shciuld never be used without a handle, since the: tang may 
jab into your hand . Be .certain . that the handle is held f irmly on ; 
tihe tang of -the file. Small files, such as needle and ignition 
files, have integral handles. 

File eare 

PINNING, i Iti the filing of soft metals i narrow surfaces, or 
corlierss small particles of metal are likely, to clog the teeth of 
•the file .and scratch the material being filed^ This is cabled pinning 
Pinning is usually the result of putting too much pressiire- on 
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the file, especially \rfien it is a new_brie. To avoid pinning, be 
certain that the file is broken in before taking heavy cuts. Rubbing 
chalk on a file before using it helps to prevent pinning. 

BREAKIUG A new file should be broken in by using it first 

on brass, bronze^ or srnddth cast iron. A new file should not be 
broken in on a narrdv? surfacei_such as sheet iron, because the nar- 
row edge is likely to break off the sharp points of the teeth. A 
new file should never be used to remove the fins or the scale on 
cast iron. Most of the damage to new files is caused by using tod 

much pressure during the first few strokes. 

■\ 

A file should never be used on material harder than itself or 
oh sandy or scaly castings. One stroke across such a sand or 
scale makes the file useless. Jo prevent scratching -^.n filing 
wrought iroh^ steel, dr hard fiber, apply a little oil to the surface 
of the file to lubricate .the chip. 




Figure J?. Cleaning a Tile. 

_CLEANinG. It a file is pinning or not cutting properly, it 
should be cleaned with a file card, pick, and brushj^ as shown in 
figure 14. The pick is a small pointed wire instrument often 
furnished with a file card for cleaning dut individual cuts in the 
file clogged too tightly with metal" td clean with a file card. To 
clean a file, lay it flat on the benchahd draw the file card and 
brush back and forth across it parallel vith the cuts. 

.HANDblfiG. tike any cutting tool, a file is easily dulled by 
rough dr improper handling. Files should not be thrown into a 
"drawer bf_ box where they can rub against each other or against 
other tools. It is best td stdre them in separate holders, such as 

clips, straps, or holes cut in^a wddderi block. Tdd rapid strokes 

or failure td lift the file off the work on the return strdke quickly 



spoils its cuttiiig efficiency. For best results and long filo liicz 
use the file card and brash often. 

safety Precautions 

li Nc ^r use a file without a firmly attached handle, parti- 
cularly in filing Avork rotating on a lathe. 

2. Do not salvage a small rat-tailed file for the purpose of 
using it as a prick punch. ^ 

3. Never use a file as a pry. It may break and throw ofl 
tiny bits of steel which may fly intc your eyes. 

4. Never use a file as a hammer, as this not only damages ; 
the file but m-^y throw steel particles intdoydur eyes^ 
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Haure VS. Commly Used Cold Chisels 



- GHISELS 

Cold chisels are tddis used for chippipg or cutting cold metal 
by hand prior to filing. They are made of agood grade of tool 
steel, hardened at the point, and sharpened to a cutting; edge at 
one end. They arc classified -according to the shape of the point, 
the most common shapes being flat, cape, rduridnose, and diamond- 
point, figure 15. 

Best results can be obtained if the type of cold chisel is 
selected for the particalarvwork to be done. 

1. Use a.flat Chisel for catting sheet metal or for chipping 
fiat surfaces. 

2; Use a cape chisel for cutting grooves, slots, or Reways, 

or for c^iipping fiat surfaces When a flist chisel would be too wide. 

- 3.' Use a roundnose chisel for cutting round (concave) groove 
and. fbt' drawing back drills which have "run but." 

4. Uie a diamond-point chisel for cutting V-shaped grooves. 




Figure IB. Vort^ct Vse of €oU cmsel. 



used : 



Using Cold ehisels _ 

■round stock or for ^"^^^"^^^^3"-^ chisel and the best posxtion 
the correct way to hold _ the h^.er a_ ^ placed at 

for the vork. The cutting edge o. tne ^ ^ ^^^3^ 

■ge p^xnt whet, the ^^^.^^^^^ After each hldw of the 
S to follow the 5i-"f^^J"^^f,JJcf position for the ne^t cut, 
hammer, set the chisel to the correct^? ^^.^^j 
?he d.pth of the cut ^depends on^the ^^.^ ^^'^'^S" 

held in relation to the work, in the head of tne 

the cut. It is ^-,'^,^°,::rSh^Sd br truck, taking care th.t the . 
chisel. Sh.rp, ^«i|V,^°^^^fsel and injure your hand, 
hammer does not slxp off th^ cnx ^ 

' ? crock the following procedure snculd be 
To cut wire or round stock, tne i * 

^.^ ^Hp cut is to be made with chalk 

1. Mark the point at whxch the cut is 

ox colored pencil. _ , 

2. Pl,ce_tfie on the chipping bl5cU of .n .nvil or on 
any soft metal support. 

point • 

to the supporting surface. 



ERIC 



6. Heavier work can be cut in much the same way except that 
the cut is liiade about halfway through the stock from one side^ the 
work turned over, and the cut finished from the opposite side. 




Figura 17. CutHn§ Sheet Metal With 
Cold ChiseU 

Cutting sheet or plate metal with a cold chisel should be _ 
avoided as much as possible- since stretching of the metal invariably 
results. HcTw-ever, when there is no alternative, the best procedure 
is as foilovjs: 

1. Draw a straight line on the work with a scriber where the 
cut is to be made. 

2. Grip the work firmly in a vise with the scribed line even 
with or just below the tip of the vise jaws, with the waste metal 
extending above the jaws, as shown in figure 17. . 



3. Use a sharp chisel and start at the edge of the work and 

cut along the scribed line, using the jaws of^ th3 vise as a base 

for securing a shearing action. _Hbld the chisel firmly against the 
work and strike it vigorously. Be sure to kieep the cutting edge of 
the chisel flat against the vise jaws^ as shown in figure 17. 

To chip steel, it is advisable to lubricate the chisel point 
with a light machine oil. This makes the chisel easier to drive 
and causes it to cut faster than it would if it were dry^ To chip 
cast iron, chip from the edges of the work toward the center to 
avoid breaking off the corners. 

Care of Cold Chisels 

SHARPENING. Chisels, like all cutting tools, must be sharp to 
give satisfactory service. The cutting angle should br about 60 
degrees and the edge slightly rounded, as shown in figure 15. Shar- 
pening is usually done on an ordinary coarse grinding wheel. The 
chisel should not be pressed too hard against the wheels or enough, 
heat may be generated to remove some of the hardness frcOT the steel. 
If the cutting angle is ground too small, the chisel is not safe to 
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Figure IS. Results of Corvect and 
Incorrect Sharpeniruj. 



use. If the angle is tiuch oyer 60 degrees, the tool cannot cut 
properly. Figur? 18 shows the results of cdrrect_and incorrect 
sharpening i 

MJSBWQM EEj^. The blows of the hammer eventually cause the 
blunt end of the chisel to spread out until ^it resembles a mushroom. 
When this happens, the end should be ground back to its original 
shape. It is dangerous to use a chisel with a nrashroom head 
because pieces may fly off and. cause injury. 

Safety Precautions 

The folio\rfng precautions should be foil owed in using cold 
chisels, both for the worker's safety and to prevent damaging 
either the tool or the work. 

1. A chipping guard should be placed in front of the work to 
guard against flying xaetal chips. 

2. Mways wear goggles. 

3. keep Se ha^er and the blunt end of the chisel free from 
grease or oil to prevent athe hammer from slipping and bruising your 
hand. 



4. If the fork is held in a vise, the jaws shotxld have guards 
made of soft metal, such as copper or, brass , to protect the finish 
of the work. Put a block under the work so that it cannot slip out 
of the vise. Always chip toward the solid jaw of the vise. If 
avoid chipping parallel with *the jaws. 

RULES 



. Rules used by the welder are graduated measuring instruments 
usually made of metal. Ordinarily, the edges of a 12-inch rule are 
graduated in Sths and i6ths on one side and ip 32nds and 64ths on 
the other. Figure 19 shows the edges of a rule. 
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Figure 1$. Fotxr Edges of a 12^^ Bute. 

If 'you can locate the labeJ led fractional values in 8ths^ iBtHs, 
32nds, and 64t:hs, locating bdd_ fractidrial values such as 51/64, is 
relatively simple. You first locate the nearest labelled fractional 
value on the 6^'* ^te, which in thi^ case is 58/65 inch and then 
count off tfcre minor graduations , 48/54 plus 3/64 equal 51/64 

as shown in figure 20^. 




Figure 20. Locating Odd Fractiondl 
^ Values on 64ih Scale. * 

tocatihg odd fractional values in I6ths and 32nds, as shown in 
figure 21, are done in the same manner as locating 64ths. in some 
cases it is easier to subtract minor. graduations ^ especially when it 
-is nearer to one of the larger labelled values. 
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Figure 21. Locating of Odd Fractiomzl Valves oh 22hd Scale. 
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MEASURING A RECTANGULAR PIECE 




MEASURING ROUND STOCK 





MEASURING A DIAMETER 




MEASURLKG *■ 
A StOT 



MEASURING THE DIAMETER OF A HOIE 



Figure 22. Application of a Steel Rile. 

Figure 22 shows some of the applications of the steel rule. The 
rule should be cared for by wiping it with light n^achine oil and 
carefully storing the rule in a separate compartinent of the tool. box 
to protect it from rust* scratches^ and other damage. 




Figure 23. Scriber. 
LAYOUT TOOLS 



Scriber 



•' Figure 23 shows a scriber which is used for marking lines bh 
metal. It is generally used with a straight edge rale. Centers 
of holes can be located with it by drawing two intersecting lines 
according to specified dimensions and marking the intersection with 
a center panch. The bene enc is used for marking the inside of 
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SOLID SQUARE. 
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COMSlNATlDN SET 



/Figupe 24. Cdmbination Set and Squares. 

cylindrical objects or partially closed recesses. Keep the scriber 
sharp, and ±n scribing lines, hold it firmly to the edge of the 
straight edge using only enoufh pressure to leave a dear n>ark 
with brie stroke. ^ 



Squares are used for measuring and checking angles. ^Figure 24 
shows the connnonly used types. The solid square is convenient for 
checking right angles only. The <^^^^ ^""^ 
often ^used by the welder for layout jobs on large metal surfaces. 

Combination Set 

The combination set is used for Shop layout work. You should 
become famiUar with its numerous applications, ."^^-i^^^f 
of the comblriation set in figure 24 shows it .equipped with a pro-, 
tractor head, square head, ^d centering head. Be certain^that 
the blade and accessories of the combination set are kept clean. 
Apply small amounts of oil to the blade occasionally td^prevent 
rusting. Figure. 25 shows a number of applications of the J^^^^^ 
and center head. Figure 26 shows a common application of the protrac 
tor head 4n checking the angle of cut on a scarf tubular splice. 

Figure 27- shows a center punch which is used for iarking the 
center of holes and radii for laying out work and for naking a 
conical depression in metal for startlne twi.t drills. The size 
of the center punch is determined by the diameter of the base^of the 
cone forming the point. The Size of a center punch to use for^any 
S?tlcSSr job is determined by-the size of the drill to be used 
Irid-klso the purpose for which the center mark is made. 
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e 26. Apptication of the 
Protractor ^Head. 



Figure 27 . Center Punch. 



The included angle of the point of the center punch should be 

120* Xo allow the 118** included angle of a standard ground drill 
to seat well into the bottom of' the conical depression, as shown 
in figure 27. M>_^^_^°^?^^?^_^^PP?"^» first location is 
slightly off center, a correction can be made by tilting the punch 
and driving the point in the direction desired. When the error 
has been corrected , ^ the punch should be brought to a vertical pbsir 
tion and given a sharp rap to insure a perfect new iocatibn for the 
drill point. 



41 




Figia*e 28. Dividers. 



Bividers 

' * Dividers are .used for measuring distances between points, for 
transferring distances directly from a rule, or for scribing circles 
Figure 28 shows a pair of dividers. Keep the points of the dividers 
sharp* and use only enough pressure on them to .malce a clear mark 
oh thi work. 
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Metallurgy Branchy - 3ABR53230-SG-ld6 

Chanute ftFB; iiiinois . ^ • 

OPERATI0N AND MAINTENANEE OF WELDING EQUIPMENT 

•OBJECTIVES 

After cbmpietihg this_ study guide and your cl^sroom instruction 
you will be able to asssinble arid operate dxyacetyletie equipment, 
test apparatus for gas leaks; adjust torch for proper- welding flames, 
' disasseibie welding apparatus; arid perfbnb bperatbr maintenance bri 
welding and cutting equipment. 

INTRODUCTION 

As a welder i ybu must- be familiar with the correct procedure 
for the setup and oper^ition bf both stationary arid portable 
03^acetylerie welding equipment. Air force shbps make extensive use 
of portable welding equipment. In shops which have stationary 
equipment, the portable outfit is used for work which cannot be 
dbrie iri the shop. Basically, the equipment used for each, is the 
same except that the gases are piped to the welding station in a 
stationary setup. The pbrtable butfit is operated' directly from , 
cylinders of , gases which are mounted bn a cart br truck. Dbuble 
stage (two gage) regulators must also be used on portable outfits. 
'The welding outfit is your most important tool as a welder. You 
'must be familiar with the proper care- of the outfit and be able to 
mairitairi each unit of -the welding setup. 

information"*. ' ' 

' operation and assembly of oxyacetylene welding equipment 

An oxyacetylene weldirig butfit bperates bri bxygen arid acetylerie. 
The equipment consists of oxygen and acetylene regxAlators^ twb 
lengths of hose with fittings, and a weldirig torch together with 
a cutting attachment or a separate cutting torch. S addition, , 
suitable goggles are required for eye protection, a spark igniter 
tb light the tbrch, gloves to protect the hands, and wrenches for 
the various cbnriecticris on the cyllriders, regulators, arid the 
torches* 

- _• f_ 

The use of oxyacetylene welding equipnient involves hazards 
which are specific to such equipment and others that relate *tb 
heating in general. The oxyacetylene flame and the sparks produced 
iri weldirig arid cUttirig can ignite combustible materials and can 
cause damaging fires. The precautidris cdxnnonly observed to prevent 
fire in handling blow torchesarid bther open flames, should be 
observed In handling bxyacetylerie welding equipment. The specific 
hazards of tht: bxyacetylerie process relate to the gases, oxygen 
and acetylene, their containers, and the apparatus used tb control 
arid combine them ^ in to a flame. 
• * . 

STATI0NARY QXYAeETYhENE WEI.DIN6 eOTF^T 

The' stationary oxyacefylerie weldirig equipmerit shdwri in figure 29, 
consists bf a siriglc stage regulator for bxygeri arid a single Stage 
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Figta-e ^S. Stationary Welding Sta^^ 

'Equipment. •: 

" reRulato^-£5r acetylene attarhed to the gas distributing pipe lines. 
nSdLg torch wilh a set of tips, 12 1/2 to 15 feet of acetylene 
and oxygen hose and f-ittings for attaching to the regulatprs and , 
^c^hp^^ wrench, torch igniter, and a pair of welding goggles. 

tegulators . 

- Regulators are either of the single-stage or two-stage type. 
«ii^ic-staee regulators reduce the pressure or the gases from^ 
;Si£r of iSI pressure to working pressure In one stage. Two- 

Sg^^toS perform the s^ work in two stages^ Since the 
srage ^egux^uu ^ j^gg ^i^.;^ a two-stage regulator, 

^ISiuS^llsraSof f fccSate and lit. Iluet^ttng, _ _ 
the iire£!sure_ re|ux^ _ . r^^eaiator construction vary among 

regKtlators- 

" SmSLE-^AGE mGULAm. Figure 30 shows the desip °f ^ 
>*«it.S sSele^stage regulator. The regulator tnechanism consists 

S^f thraugf^hich the high-pressure gases pass, a valve 
lialrriiosf o?rtl.Ao«lei a diaphragm, and balancing sprxngs 
•SSe y Si llclosed in a suitable housing. Treasure gages are 
1;^S%« frScale the pressure in the cylinder or pipe line 

fSSS^ «St^af y vor^^^^^ ^outlet), ^he gage neares, 

.^Inlct^ as^eli^as i,5gh^pressure gage used to record cylinder 

-iSsS^^hTSl^ll^s^ife Im i. the low-pressur. g.g. used 

to indicate Che working pressure. . 

^ ^^ii. iiitPrs • -he regulator through the hlgfi-pressur i ihiet 
-^^-oxygen cnters_ .he regu ^^^^ removes dust 

-'Tagt°-Se ^SrclosHg^'f f tS nozzle i. not r.ised unti^th. 
. ^S^Se^^^ Wheti theadjusung,sc.3.is turned 




Figure 30. Cross Section^ Sihgle^^tage Eegulaior. ^ 

in (clockwise), by turning to the rights pressure is transmitted to 
the adjusting spring. The adjusting spring presses down upon the 
diaphrag^n, which in turri-presse^ on the yoke and overcomes the 
pressure of the compensating spring, this forces the yoke JForvard, 
thus opening the passage through the nozzle and allowing the oxygen 
to flow, in to the low-pressure chaSer of the regulator. The d:a^gen 
passes from here through the regulator outlet and hose to the torch. 
This pressure is indicated on the working pressure gage of the 
regulator and' varies, depending upon the position of the regulator 
adjusting screw. 

The regulator yoke and the seat movement is controlled by the 
compensating spring which pulls the seat zo a closed position, ani 
the adjusting spring x^hich pulls the seat to a closed position, 
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and the adjusting spring which tends to open it again. These springs 
act against each other and the position of the seat depends upon the 
pressure of the gas within the low-pressure chancer of t^he regulator . 
This pressure acts against the 'diaphragm and helps the compensating: 
spring keep the seat closed. If the torch is shut off, the oxygen 
pressure. on the diaphragm increases, overcoming the pressure on the 
adjusting spring to close the seat against the nozzle, preventing the 
pressure in the low-pressure chamber from rising furthe?:. 



if the torch valve is reopened, the oxygen pressure oh the dia^ 
phragm decreases, overcoming the pressure on the compensating spriing 
arid permitting the adjusting spring to -move the seat away from the 
nozzle. This_ allows the oxygen to flow again and prevents the 
pressure in the low-pressure chamber from falling further. These 
operations of the regulator are entirely autbmawic, depending dri the 
opening and closing of the torch valve. In normal operation^ the 
pressure of the oxygen against the diaphragm and the springs is in 
.a perfectly balanced condition when the seat is held slightly away 
from the nozzle. The smallest fluctuation of pressure brings about 
ah_ instantaneous cbmperisatirig movement of the diaphragm, springs, 
ybke^ and nozzle^ which immediately restores the pressure to the 
amount set. ' 



First-sragc au tomatical I y rcdu 
pressure to 125 lb, per sq. in. 
The sccbhd-srage operates from 
thiz €<iKSUnt pressure. 



Oxy;:ch enters regulator ^hlct at 
a pressure uf 2.000 lb. per sq. in. 




StwOnd-stagc is adjustable by 
liand to any desired de> -very 
prc«urc up to 75 lb, p^r ' :\. in. 



Twq^stnpc rcguLaiion HHustrat- 
ed by Oxweld K-CA T-p-o-Sragc 
Regulator) p^ovjdrs even -flow | 
and accurate delivery. j 
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jftgure 31. fuo^Siage Eegutator, 

TWO-STAGE REGULATOR. The operation of the tvb-stage regulator 
is identicai in principle to that of the single-stage regulator. The 
only difference is that the total pressure drop takes place in two 
stages instead of one. "' In the. high--pressure r,tage, the pressure is 
reduced from the intermediate pressure to the working pressure^ The 
high-pressure stage has a set pressure reduction which is automatic, 
while the low-pressure stage. is controlled with the adjus*"ng screw 
to permit setting the proper working pressure as shown in figure 3i. 

GAGES. Oxygen arid acetylene reguiatbrs are equipped with 
cyiihder aid working pressure gages_. Although mechanical and operating 
orinciples o£ both regulators are the same^ acetylene regulators- 
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are hot designed to withstand the high pressures demanded of 

oxygeii regulators • The__acetylene ^high-pressure gages are usual ly 
graSuated to 400 psi. Working pressure gages are generally 
graduated -to 30 psi§ although acetylene in the free state should 
not be used at pressures exceeding. 15 psi. ^ 

.03^gen cylinder pressure gages usually have graduations in black 
figures to; 3,000 psi, although the pressure within the cylinder does 
not exceed 2^000 psi at 70°F. The high-pressure gages are also ; . 
graduated, in red figures for cubic feet from 0 to 220^ This permits 
the direct reading of cylinder pressure and oxygen content in cubic 

'feet. The g^ges are graduated to indicate correctly at a temperature 

of 70°F. The working pressure gagesifor welding are generally graduated 
in pounds per square inch from 0 to 50. Regulators' intended for use 
in heavy-duty cutting operations are graduated to indicate pressures 
as high as 400 psi. : 

Regulators used at stations to which gases are piped by manifold, 
or from acetylene generators.^ have only one gage. The regulators' are . 
used to regulate the working pressure of gases flowing through the 
distributing system to the torch. These regtilators are of the single- 
stage type and are designed for low pressure since -the line pressure 
set at the manifold or generator vis less than 15 psi for acetylene 
and 100 psi for oxygen. 

Torches 

The oxyacetylene torch is used to mix oxygen and acetylene gase>: ; 
in definite proportions, and provides _a means of dlrecrixig and con- 
trolling the size ^d quality of the flame produced, tcrche? are 
produced in several sizes and consist of a hariii^e equipped with two 
needle valves, one for adjusting the flow of. acetyV^^c and e for 
adjusting the. flow of oxygen. In addition, thc^ corwis : of nv.-»e 
connection glands, mixing head and retaining oat, Tnixing chamber, 
and a set of various size tips. Torches are cl^±f±e^ as equal- 
pressure and low-pressure injector types. 

WJECTOR TYPE. These torches dpeirate on an aceryiene pressure 
of less than one psi. _The> were originally designed for use vith lov 
pressure generators where higher acetylene. pressuies war'. :'ot avsiiahte. 
The acetylene, passing through relatively large cy^ir^g^ trswn ^nto 
the mixing head by the suction created by the oxygen ns it pafi^es trroug. 
the injector nozzle. The oxygen is ^under a much higher press are, rargi; 
from 10 to 40 psi, depending uponfhe tip size. Tht o;xyge:i passing 
through a very small orifice in the injector nozzle at nigh velocity 
crrates a vacuum effect that draws the required amount acetyls-.;^ into 
the mixing chamber. . ^ * 

^ EQUAL PMSSUEE TYPE. . These torches operate on acetylene 
pressure of 1 to 15 psi, depending upon the tip size. The torch^^s 
designed to operate at equal pressufr.s for both oxygen and acrty ene. 
In this case, the openings at the torch needle valves are equal, ^nd 
under equal pressures, deliver equal volumes of oxygen and acetylene 
to the nixing chancer. The nu^:ing chamber serves only to miy^ the 
iases and in no way aids the flow of gases, as in the case of the 
injector torch. The equal pressure torch lias certain advantages 
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over the Injector torch in that the type of flame desired can be 
more readily adjusted, and since equnl prcssur'^s are usvd for both 
gases, the torch is less susceptible to f la-ziibacks . 



-^XYGEiL HiDSE 
CONNECTION GLAND 




05?YGEN NEEDLE VALVE MIXING HfAO RETAINING NUT 

MIXING HEAD 




ACETYLENE ttClE 
CONNECTION GLAND 



X fiCETYLENE NEEDLE VALVE 




Figure 32, Oxyacet'ylene Torch. 

The welding torch, as shown in figure 32, mixes the two gases 
together in correct proportions. It also provides a means of directing 
and controlling the size and type of Welding flame produced • 
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TORCH TUBE 
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Figure 33. Modem Welding. 
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Torch Tips 



Welding tips^ shown in figure 33 ^ are furnished in various 
styles or types; some have a ore-piece hard copper tip^ and btfiers 
have a two-piece tip and mixing head combined i _^fi®^^ip_si2es are 
designated by riiimbers, and each manufacturer has his own system 
for_desigriatirig size. The tip sizes differ in the diameter of the 
orifice in order to obtain the correct volume of heat for the work 
to be done. Since welding tips are made of copper or brass, extreme 
care must be exercised to prevent damage to the tip or prif ice^ Tips 
should be cleaned with either a soft copper wire or a tip drill made 
spe"cificaiiy for cleaning the tip. 



RIGHT-HAND THREAD GREEN OXYGEW HOSH 




RED ACETYLENE HOSC 
CEFT*HAND THREAD 



Figicpe 24. Torch Hose Connections.'' 



Melding Hose 



The hose which connects the torch and regulator is specifically 
mahxifactured for this .purpose. It is strdngj nonporous , an,d suf- 
ficiently flexible and light, to yield readily to torch movements. 
It is constructed to withstand high internal pressures and the 
rubber used in its manufacture is chemically treated to remove 
sulphur- in order to avoid any possibility of spontaneous combustion. 

Welding hose Is available in various sizes, depending vpon the 
class of. work • which it is intended. The size of the hose is 
designated by the inside diameter and the number of pii^s^ of f^^^ic 
which.it contains. The hose used for light torches is 1/8 to 3/16" 
in diameter and has one or two plies of fabric. The acetylene and 
oxygen hoses are the same grade but differ in color. The oxygen 
hose is gre-en or black while the acetylene hose is- red or marbbri. 
Hoses are equi* -jH with connections ^ at each end^ in order that they 
may be attached to their respective regulator outlet and torch inlet 
cbhhectioris. These cdnnectionc 'consist of a swivel nut and gland. 
To prevent a dahgerbus interchange of welding hose , the threads on 
all acetylene hose cbrihectibris ^ . regulatbr outlets , and torch inlets 
are left-hand threads and grbbvcd t-o further simplify their 
identification, as shown in figure 34. 
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starting Up a Stationary Melding Outfit 



X- 



li Gheck the hose lines to insure that e«eh line is connected 
to the proper regulator outlet and torch inlet connection, and that 
the gland nuts are tight* 

2. Check the torch valves to make sure that they are both 
closed. 

3. Select the proper tip and attach it to the torch mixing 
•head, tighten it with the tip wrench. - ^ 

' ; ' 4. - Open the -torch acet7lene valve and adjust the acetylene 
regulator to give a working^ pf'-.ssure needed for the tip size used. 

5*. Close the torch act tyiene valve. . 

Open the torch oxygen valve' and adjust the oxygen regulator 
to give the required working pressure. 

c 

7. Open the torch acetylene valve arid light the gas with the 
igniter. ' 

8. Adjust the acetylene valve to give flow of gas_ surf icierit 
to caiTse a slight gap between the end of the tip and the flame. 

9. Readjust the acetylene-T^r^'vaive tp the desired flow of 

10\ Open the oxygen torch valve slowly until the lumiribus central 
cone becomes well-rounded with nc feather at the tip of the cone. 



- PQRTABhE WELDING OUTFIT 

A complete portable welding outfit ^ shown in figure 35^ consists 
of the fdl lowing items: a cart with^ a carbbri dioxide fis^ extiri- 
guishers; a supply of bxygeri arid ac^^ylerie gas in cylinders^ • 
oxygen arid acetylene pressure regiilators complete with gages and 
connections; two lengths of hose with adapter connections for the 
regulators and the torch; .an apparatus wrench; a safety flint igniter; 
and a pair of welding goggles.' 

: There are many rules in regard tb the care and haridlirig of this 
'equipment. Ybu must cpritiriually be bri the alert to insure that you 
are following these rules. Damage tb any part of the equipment can 

commission until that part is repaired 
or replaced. Setting up, turning on the gases, lighting the torch, 
and clbslhg down a portable welding unit should be performed system-^ 
u»tically in order to prevent damage to the equipment or injury to 
yourself. The following procedures are based upon years of ; 
experience and will assure operator safety and prevent damage to 
the apparatus i , • 

... 50 ' . • 





Figure 37. Bloi^ng Out Di^t^ , 
in the Outlet Nipple. 




FigzG?e 38. Tightening the Vnioh Nut-. 



Assanbling the y^pparatus 

!• Place the acetylene and oxygen cylinders. on the cart, 
attaching th^ securely, figure 35. Remove the cylinder valve 
protection caps. 

2. - Open each cylinder valve slightly for an instant to biow^ 
but any dirt that may be lodged in the outlet nipple, figure 37. 

3. Attach the regulators to their respective cylinders and 
tighten the union hut with the apparatus wrench, figure 38. Acetylene 
cylinder valves that have left-handed threads require an adapter 
between the cylinder valve outlet and the regulator. 
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Figw^e 39. Attaching to Regulator. 



4* Attach the red acetylene hose to the acetylene regulator 
outlet which has left-hand threads i Attach the green oxygen hose to 
the oxygen regulator which has right-hand threads. Tighten the nuts 
with the apparatus wrench, figure 39. 




Figure 40. Eeleasing the Regulator 
Adjusting Saretj). 

: 5. _ Release the_ regulator adjusting screws by turning them : 
counterclockwise-: until they are Ibbse^ figure 40, Open_ the cylinder 
valves slowly. Open the acetylene valve 1/2 turn^and the oxygen valve 
all the way. i. - 
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figvTB 41. Btowing Out Sosei 

6. Blow -but the hoses one it a time^ f igure 4l, Open each 
regulator by turning* the adjusting screw clockwise. After blowing 
but the hoses ^ release the adjusting screws. : 




Figfza'e"42-i eheak Pointc for Leaks . 



7. Connect the rod acetylene hose to the torch connection 
gland marked AC.^ ahd^the green *oxyge^ hose to the torch cdtltiectibn 
gland inarked OX. 

- 8. Select 'the proper size torch tip and attach it to the 
torch. Tighten it moderately with the apparatus wrench. 
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9. Adjust the regulators to the working pressures of the 
gases. Opeii the torch acetylene valve and adjust the regulator 
to the. required pressure^ then close the torch acetylene needle 
vaivci Adjust the oxygen working pressure in the same mariner. 

id* to light the torch, open the torch acetylene needle 
valve and light it with the flint igniter, then adjust the needle 
valve to give a bright luminous flaiae: 

11. To adjusw th? torch for the neutral welding flaiite, open 
the torch oxygen r^^edle valve slowly until the feather at the 
end of the centra^, cone disappears. 

Testing for Gas beaks 

After assembling the apparatus, all connections should be 
'checked for leaks before lighting the torch^Vas shown in figure 42. 
With the gas pressure adjusted to the wbrking>^ressure, close the 
cylinder valves and release the regulator adjtistirig screw., A 
pressure drop on the working pressure gage ijraicates a ^eak between 
the regulator working pressure gage and the torch valves. A pressure 
drop on the high-pressure gage indicates a leak around the cylinder 
valve outlet. Gas leaks indicated by these methods can b located 
by^ applying a soap solution to the connections^ A leak a- arny of the 
cbririectibris causes a soap bubble to form. Leaks in tbre welding hose 
- can_ be located by immersing the hose in clean water usirig normal 
working pressures. Leaks in the hose are indicated by a string of 
bubbles i 

Oxygen and Oxygen Cylinders - ~^ 

OXYGEN. Oxygen is a cblbrless> tasteless^ and odorless gas^ 
slightly heavier than air. It is one of th principle constituents 
of the atmosphere:: and the water. Oxygen is a very active element 
and combines with practically all -materials under suitable condi- 
tions, sometimes with destructive resuits^._ Grease and oil: are highly 
combustible in the presence of pure oxygen. Rust on ferrous 
Bietals, the dark discblbratibri of copper, and the cbrrosibn bf 
aluminum are all due tb the actibri bf bxygetl in the atmosphere. 
This action is known as oxidation. 

Commercial oxygen is chiefly used for welding and cutting with 
oxyacetylene torches. The value uf o: '^i*en lies in the fact that 
it supports combustion of the fuel gases in the process involved. 
Oxygen is obtained commercially either by the liquid~air process or 
by the electrolytic process. ^ 




The iiquid-air process supplies iiibst of the oxygen used for 
welding. In this process, air is compressed and cooled to a 
temperature -321*F when the gases become iiqpid. As the temperature 
of th^ liqui^p^lir is raised, the nitrogen^ in a gaseous form, is 
given off fJrst> since the boiling point of liquid nitrogen is -321**F. 
The oxygen is, given off when a temperature of -297**? is reached. 
These gases, having been thus s^parated^ are further refined arid 
then compressed' inLo cylinders for use. 

In the electrolytic process, oxygen is obtained by separating 
water into ■^hydrogL and oxygen by passing a direct current through 
the water to which an acid or alkali has been added. The electric 
current breaks the water down into its chemical elements of hydrogen 
and oxygen. The oxygen collects at the positive terraihal, while 
-the hydrogen collects at the negative terminal. Each gas^ having 
passed through suitable pipes, is compressed into containers. 

OXYGEN CYLWDERS. The bulk of commercial oxygen is supplied in 
seamless steel cylinders containing 220 cubic feet- at a pressure 
of 2^000_psi_at 70**F. A smaller oxygen cylinder containing 110 cubic 
feet at 2^000 psi at_70**E is also available for the convenience of 
users requiring small volumes ^ or for ease of handling for outside 
Jobs. 
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figure 4Z. Oxygen Cylinder and Vdtve. 
Figure 43' shows the construction of an oxygen cylinder arid 



cylinder valve assembly^ 



The valve shown is the heedle--type and is 



Bsade of high-strength, noncorrosive copper alloy. A bursting disc 



In the nipple at the rear 



of the valve consists of a thin copper 



diaphragm supported by a Ifusibie alloy metal washer, and is held in 
i>lace over the end of the! nipple with a cup-shaped nut. The alloy 
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wisher Selts at approximately. 240**Fj _ so that in the event the cylinder 
is exposed to a temperature abovc_this pointy the disc cither , 
bursts or flutters freely and releases the pressure before the 
expanding gas can reach a dangerous pi^^ssure in the cylinder. 

Acetylene and Acetylene* Gyl in ders 

ACETYLEM. Acetylene is the fuel gas used In the 'production 
of the high-temperature oxyacetylene flame. It is a compound of 
carbon and hydrogen H^) which has two atoms of carbon combined 
.with two atoms of hydrogen in its chemical structore. Acetylene 
is without color and has a distinctive odor that is easily detected 
evert when it is difused into the air. It is a stable cornound' 
under low pressure at hbrmal temperaturfc, but it becomes unstable 
when it is compressed in a container to a pressure exceeding 
15 psi. Under 2 pressure of 29^4 psi. It becomes self- explosive^ 
and a slight ock may cause it to explode even in the absence of 
oxygen or ' • 'ixrures of acetylene and air containing from 2 to 
80 percent - ne explode when they are ign-itedi The problem 

of storing .ene under piressure has been overcome by dissolving 

it in acctb^. , i/hich is capable of absorbing acetylene approximately 
25 times icn bvii volume. 
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Figure 44 » Cross Section of an Acetyiene 
Cylinder Sowing Filler Materials 

ACEiryLENE CYLINDERS. The cylinders which are used to store 
acetyiene under pressure vary to soiae extent in size and appearance'. 
Figure 44 shows the construction of an acetylene cylinder. The 
cylinders are of seamless steel construction and are filled with a 
substance having a porosity of 75 to 80 percent. This filler forms 
a large Ispbnge for liquid acetbtie^ which in turn absbrbs the acetylene. 
The porous filler is charged tb 40 percent bf its liquid vblume. 
This allows space for expansion since acetone increases 'in vblume 
as it absorSs acetylene and shrinks as the acetylene is released* 
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When the cylinders arc filU-d, .>-.c ...nuula . r. _ 
«^-fMit of acetylene dissolved in the i>cct-.-,e by u^.i.r tl'.e tact. _ 
weight or ac«_tyitii<- v.j.. _ Trt^c- loLf-tii'ic che anount; or 

filling. The difference in weifthc nai.i, J..ca t3^ i . -> .. 
volume Of acetylene in cubic feet; 

in an apvisht position fbt sonc tine. 

TKe rate of discharge of . acetylene cyllndeti i? al so ln;port.,nt. 
the cylinder discharie rate should not e.ceed 1 » ^ -^>; ■ 

capacity .p.r hour. S:.^ -'^ 

HrALJT of^ with the acetylene g^J-». wn»-n ^ixi,-^-^ ^_ ^ _ 

Suirea: acetylene cylinders should be set up .no us.c r.on a 

tnatiifold. 

Acet^'lene cylinders are provided vith safety f^;^^ 
desigS li release the gas frotn the cylinder if th. cy xnder b.- 
CO.J ove.he.ted. _The .etal ^^^^ti^^ ^.^.^ 

temperature between 212 and ^ - ^-/^^P^-^S . 

^ ■rSr.S KL-hr-nnSr^rSetS SSJ ...Ued. 
Storage and Handling of Oxygen and Acetylene Eyl^-ndsrs 

_ 1. "^^^^^1^%^^^^ and acce]oratcr. 

A-ii -^nH c^r^-'se- Oxvgen does not burn but \v bupi 

cwStion-S caosi: oil and other siSilar material., to onr.. ». .h 

great intensity.. 

2. Do not drop or handle cylinders rougl 




rr5 priytttj'iiy to 
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3. Do riot store cylinders near a fofriacc or 'radiators. Exces- 
sive hiat causes an increase in tetr.p^ratarc 6i the compressed irises 
resulting in a corrcspdridins increase in_pressure in the cy;inuer. 

At abnonnaliy hiP pressures and temperatures, rnc safety plugs 
release the gases from their containers: 

4. Never attempt to repair cylinder valves: 

5. Oxygen arid acetylene cyiiriders should be separated in 
storage and used in order as they are received from the supplier, 
figure 46. 

6. Acetylene cylinders should be stored and used in an upright 
position to prevent the loss of acetbrie. 

7. When the cylinders are exhausted, replace the protective 
cap and mark the cylinders empty with che letters MT. 




UiC a jricttdn lighirr to V^%hl_ 
hlowpipe. Ycu misht get a 
bad hum in trying to iiit a 
tnatch. 



Figure 46-. Lightiy-ig the Tor ah. 



Flame Adjustmeni 



To light the welding torch, first open only the acetylene valve, 
The fianie is obtained by striking the igniter in front of the tip, 
keeping the hand well to one side, as shown in figure 46. Hold the 
torch -o that the flame will be directed away Iros you, the gas 
cylinders, hose, or any flamaiable material. The pure acetylene 
flame is long and bushy and has a yellowish color. Since the 
oxygen valve is closed az this time, the acetylene is combining 
with the oxygen in the air. This is not sufficient to burn the _ 
acetylene completely, and the flame is smoky and produces a soot of 
fine unburned carbon. The pure acetylene flame is unsuitable £or 
welding. 

The oxvgen valve is then opened, this causes the flame to 
ihorteri, and the mixed gases burn in contact with the tip face. 
The flame changes to a bluish-white color and forms a bright inner 
cone surrourided by an outer flame envelope or sheath. The inner 
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Figure 4B. Cm'bunzing Flcme. 



cone deveioDS the high temperature required for welding, >-hile the 
outer envelope contains vsrying amounts of carbon soot, aependmg 
upon the proportion of oxygen to acetylene. 

^T^AL FLAMS. There are two clearly defined zones in- a neutral 
flame. The inner portion consists of a luminous cone which is 
bluish-white iu color. Surrounding this isa large envelope or 
sheath which is faintly luminous ?nd has a light-bluish tint. The 
neutral or balanced flame is produced when the mixed gases consist 
of rpproxinateiy one volume of acetylene , one volume or oxygen 
jupplied from the torch, and 1 1/2 volumes from the atmosphere, as 
"shown in figUre 47. 

In welding steel with a neutral flame, the molten pool of 
ietal is quiet and clear, and the metal flames easily without 
boiling, kming, or sparking. In a neutral f ame the temperature 
at the tip of the inner cone is approximately 5,850 degrees 
Fahrenheit. 

CARBUEIZim FLAME. The carburizing flame is produced when 
slightly less than one volume of oxygen is mixed with one volume of 
acetylehe. This flame is obtained by first adjusting the welding 
Same to neutral and then further opening the acetylene torch vaxve 
slSt^y to produce a white streamer or feather of acetylene at the^ end 
of the inner cone. The cnrburi.ing flame can_alw^y= be recognized by 
the presence frree distinct flame cones. They are the clearl^^ 
defined biui.a-whate central cone , a white fearher^or^intermeciate 
cone indicating the amount of excess acetylene, and the Ivgh.-bloe 
outer flame envelope. This flame has a temperature of ayprpximateiy 
5,700 degrees Fah^enlieit at the tip of the central cona, .igure 'a-. 
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Figure 



FLAME AS SEEJ^^ITH 
WELDER'S GOGGLES 



Oxidizing Flame. 



and a distinct hissing sound, rigure 49. 

tjPldlrr stc-1 an oxidizing fiame causes the molten net al 
CO £oaSr„"gife%^H'sp«>.t. TMs indict,. c>,at ^^^-'-r^^If" 

Siict this flsme is ap^Joxinately 6,300 degrees rahrenheit. 



Safety Precautiens 

1 Before lighting the torch, inake sure that there are no 
leaks In thf Se of cSnlection. to the torch or regulators. 

2- DO not point the torch toward yrurself, other ^'orkers near 
you, nor toward the hoses and regulators. 

3. Always keep the torch within the line of your vision when 
it is burning. 

4. Always turn off the torch before leaving your station. 

5. DO hot Close the torch v.lves toojightly ^'^^ 
presiHre can damage the valve seats and cause them to leak. 
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DISASSEMBLY OF OXYACL'TYLENE HELEJING EQUIPMENT 
eiosihg Down a Stationary Welding Outfit 

1. Close the torch acetylene valve. 

2. Close the torch oxygen valve. 

3. Shut off the acetylene regulator by turning the adjusting 
screw cbuntercldckvisc . 

4. Shut off the oxygen regulator using the san:e procedure 
as describea for closing the acetylene regulator. 

5: Open the torch acetylene valve until the regulator gage 
shows no pressure, then close the valve.. 

6. Open the torch oxygen valve until the regulator gage 
shows no pressure, then close the valve. 

7; Hang up the hose and torch, bein^ careful to svoid kinking 
the hose. 

eiosing Down a Portable Helding Outfit 

1. Close the acetylene needle valve first, ther; close the 
oxygen needle valve. 

2. Close both of the cylinder valves. 

3. Open the torch needle valves one at a tine and bleed the 
hoses and regulators. 

4. Close the torch needle valvos. 

5. Turn the regulator adjusting screws countierciockwise to 
relieve the pressure on the diaphragm. 

6. Hang the torch and hose up properly ^o prevent kinking the 
hose and damaging the torch. 

7^ Disconnect acetylene hose from regulator. 

8. Disconnect oxygen hose from regulator. 

9. Disconnect regulator from acetylene t:ank, then disconnect 
the oxygen regulator. 

IGi Replace protective caps on tanks. 
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CARE AND WINTENANCE OF eXYAEETYLENE WELDING EQUIPMENT 

The parts of the welding equipment: a?c d.sipd arid constructed 
to exactinr^^pecifications and must not ba used for any other pur- 
pose LSh part .h.uld be checked daily to make sure it vork.vproperl 
and has no gas leaks. The parts needing regular xnspcctxon and 
Sintenance are the r.gulato^s. torches, tip., and veidxng hose.. 

Regulators 

The primary trouble cxpcriericed with regulators .gas ^leakage 



betwe n t^ r^^ilator seat and nozzle. You.can detect it by a 
gradual pressure rise on the working pressure gage at ter the 
cvHndir vflve 1. .pened. This is kno.'n .s "creeping regu ator 
^nd is caused by wotn or cracked seats, ordirt particles lodged 
between the sea^ and nozzle. Leaking regulator, should be replaced 
iforder to avoid damage to other parts of the welding equipment. 



Gages 

Problems with the gages are usually caused by a leaking or 
broken bourdon tube. Defective bordon ^ ^J^/"^^f f^.^ This 
floctn?ting gage pressure or gas leaking from the gage case. This 
defect is causid by failure to fully release the adjusting screw 
before opening the cylinder valve. A leaking gage tube can be 
rSired'by soldering. More extensive repairs should :.ot be done 
v7ithout the special equipment required. 

Torch 

The primary cause of torch troubles are leaks in the mixing 
lead le^t SakLg needle valves . and clogged torch t^es A eaking 
needle valve is indicated by the gas flowing after u.e ^oi.'e is 
cloSed- This is caused by a worn or bent valve ste:., a damaged 
Silve seat or loose packing around the needle valve. A lea. m 
S JixinJ'head seat allows the gases to escape and unless you ^ 
correct the trouble immediately, it can result m severe burns ^ 
damage to the equipment by flashback, which is !the zas Surn^ng oack 
intc3 the torch. 




Figv^-e SOi Tightcnir^ Packing 
Gland Hut. 
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Figure SI. Inspecting Needle Valve 
Assembly. 

Needie valve leaks around the seat may be repaired by tighrening 
the packing gland nut, figure 50 • 11 the leak is in the seat, 
remove the needle valve with a wrench and clean it^. figure 51. If 
it worn or pittod, replace it with a new one. If the val>e seat 
is scored, pit tec > jr other.7ise damaged, the torch should be returned 
to the manufrcri'irer for repair. 

Leaking m^xtns head seats should be -2.mdved and cleaned, if the 
sea'cs are damaged, the torch should be returned to the manufacturer 
fcr repp.i^. 

Cloggec tcLch t'lbec sho-uHd be cleaned by removing the hoses and 
Tid.zing head, ■-•icn r '-'. -Zng out each tube with 20 to 3G po-*nds of 
OX2 ten t>rc5^t.re . 

Tor CP lip I 

Scored or out-of-rourd t±^ orifices cause the flame shape to be 
irregular even after the rip h>s bee- cleaned. Tips require cleaning 
often because :;mall particles ^.f metc.i or oxide collect on the tip 
and in the orifice. Use soft copper wire or drili-^type tip cleaner, 
to clean the.tip orifj.ce. The cleaning drill should be approximately 
one size smaller than the tip orifice so that it does not enlarge 
the orifice during cleaning. 




^he dirtv tip should be terr.ovcd fron thc.tbrch imd rln; tip 
or enlarged, tho tip Should be replaced: 



Hoses 



The weluing hose should be chccUed at re.ulnr f-^^^^^ 

leaks, worn spots, or loose ""^^^ = ^°^^:^>"tssire Since vom or 
found by_ imrr^ersing it in clean water m.acr pre.su^^^ repaired 
leaking hoses are dangerous and wasteful, the> sliouio oe i 
or replaced iirtniedxately . 




eg 

Figure 53. Ropairi^vj a Leaking Hose. 

teaks in the hose can be repaired by ^^^f^^ ^ ^'^^'""^ 
SyT^ftie\.llaS^ 

cu?tin| ^ff one or two inches and replacing the connections. 
Prdcedure 

t- Set UP and operate a stationary gas welding outfit. You 

operate it safely and keep your area clean. 

2 Light the torch and adjust the flange to neutral oxidUing. 
and carturizfng. Use gc.gles when you look cirectly at flame. 
Practice visual identification of each. 

3- Direct a neutral fla^e on the surface of carbon steel sheet 

each . 

.4. Close down the welding outfit and place the torch in a 
bench hanger. 
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SAFETY PULES FOR THE fiFE;>ATJ3N. AND.MnTENANC: OF STATiCNARY 
AND PORTABLE 0;vYA£ETVLE:iF WELDING OUTFITS 

1. Regaiators are to be usc:d only fS? the gn-cls for which 
they are intendeds 

2. Welders tr.ast know t hW identifying character tsttcs of bot h 
oxygen and acetylene regaiator;-;. 

3 the regulJtor adjusting screw must be fully released 
before'openins cylinder valves preparatory to us in- the torch. 

4 Cylinder valves should be opened slowly; the oxygen valve 
should'be opened fully, and acetylene vnlve not more than one and 
one-half turns. 

5 The ac.-tylene cylinder valve wrench must be left in place 
on the'acetyiene cylinder vaive so that the acetylene can be shut 
off qoickly in eas.- of an emergency. 

6. Before the gases are ignited, ail ^eiulatcr hose and 
torch connections should be cliecked for leaks. 

7. Only friction fiint lighters should be u^cc for iightins 
torches. 

8. The student study guide shcuid be fcilcved in lifrhting 

torches and closing down torch-j^. ^ 

9. The welder should aJvays keep th^ fiaSe -in his fiolA of 
vision. 

10* Surpiu.s hotVa should be coiled and but of the way of 
sparks and the flaine, 

11. Approved welding goggles n:vst be worn during wcidir- or 
cutting with oxyic-tvlene equipment. 

12. When a fjRshback occurs, both torch valves nust be rhu:: 
off imncdiately, rhc acetylene valve first and then the oxy^^en 
valve. The torch shcuid then be cooled and inspcctL-a before 
relighting: 

13. When a backfire occurs, the tip si-o should be decreased 
or the*pressure and volume of gases increased to dvcrro!-e the 
burning back into the tip chaniber. 

14. A pilot fia:ne must never be alloved to burn r.t the tip 
of the torch. 

15. When a job is cor»plotCQ, the cyJind-r vaivcs must be 
closed; the regulator hose and torch shouJd h^ bled to rcicase 
the gas pressures; the regulator adjusting screws sHouid be 

fully released; and the torch valve shcuid be closed. -^f 
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3 6. A torcii should never bo 3 oft in the open end of a pij^c, 
in a tarik, or in other vessels, because a leaking ho::e or torch 
may cause the accumulation of an explosive mixture of gas. 

17. men any part of thc^ equipneht requires n:airiteriance 
work, the cylinder valves ir.ust be ciosedi 

18. Leaking hoses should never be repaired with ordinary 
friction tape; 

19. Copper tubing should hot be used to splice acetylene 
hoses as an explosive gas (copper acetylite) nay be generated. 

20. Only corjnercial bronze, brass, or steel fittings should 
be used'in setting up or repairing oxyacetyiene welding equipment. 

21. Spsre parts and regulators should be stored in a clean, 
dry place free from contact with oil or grease. 

22. Only soapv water should be used to test for leaks cn 
oxyacetyiene welding equipment. 

23. Faulty regulators must not be used and only qualified 
personnel may make repairs on regulators. 

24. Flashback arresters, bursting discs , and reverse flow 
valves shbuie. be part of stationary welding outfits as added 
safety features* 

25. The acetylene operating pressure should never exceed IS lbs 
per square inch on oxyacetyiene equipment. 
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BEADS AND LAP JOINTS OF CARBON STEEL 

OBdEeTIVES 

After completing this study guide and your classroom instruction 
you will be able to apply the fundamental principles and techniques 
of welding lap joints of carbon steel in the flat pbsitidn. 



INTRODUGTION 

The lap joint is probably the simplest joint used in any 
welding operation. The requirement of the lap joint is fairly 
simple. Tiie joint edges should overlap at least three times 
the thickness of the metal. Beyond this, there are no requirements 
other than the weld bead itself. Since there are no joint edges 
to prepare, the lap joint can be easily and quickly welded. 



INFORMATION 

The dxyacetyiene welding process requires a_high temperature 
flame i produced by a mixture of oxygen and acetylene gases to 
melt the edges of the metal to be joined. The .molten edges 
flow together producing one continucus piece of metal as the 
weld cools and hardens, Tlie_ type of joint you weld determines 
whether or not you need a filler rod. 

When you weld steel with the oxyacetylene flame, there are 
certain precautions that you should follow. They_ help you to 
improve your skill in controlling the motion of _the_flame, rod, 
and molten pool, and enable you to produce sound welds . You 
should observe the following precautions: 

1. Use a strictly neutral flame for welding carbon steel. 

2. The tip size should be large enough to melt the metal 
d allow complete fusion of the filler rod and base metal. 



an 



3. _ Do net use excessive gas pressure because this causes 
a harsh flame, making it difficult to control the molten pool. 

4. The molten pool should progress evenly down the joint. 



5. Hold the inner core of the flame slightly above the 
inolten pool. Do not let it touch the filler rod,, molten pool, 
or base metal. Protect the molten pool with the outer flame 
envelope . 

6. Add the filler rod to the leading edge of the molten 
pool. Do not melt the filler rod and let it drop into the molten 
pool. 
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TEMPERATURE EFFECT ON METALS 

Depending upon its compos itibri, steel, when heated with 
the bxyacetylene fiaine does not become fluid until it reaches 
a temperature between 2450° and 2750°F. Knowing. this fact allows 
you to cbhtrbl the molten pool when you are welding carbon steel 
in any pbsltibh bther than flat. 
Heat Conductivity 



C 



KHro OF HETIE IE-TINS. POiHT (F*>3 



LINEAR EXPiNSIOH 

(Par Ft. Per 
1000" R)^ Agprc g . 



HEAT CONTOCTIVIH 
(Per Cent) (Bssed 
oi Silve r- 1000) 



.076 (5/64") 
.124 il/H') 
.139 (9M''3 



i50 - 300 



1218 
1118 

1650 to 1850 
1650 to 1932 
1981 
1930 

2200 to 2400 
2300 
&i 
1204 
4620 
24^ 
2646 
1761 

1160 to i6e© 
437 

2480 to 2750 
2640 
450 
6152 
3182 

430 to 490 
7^ 

Tcd^le 1. Properiies of Metal-. 

Heat conductivity is the speed with which heat travels through 
metal; Heat travels through some metals faster than others. The 
heat conductivity for the most cbmmbh metals is Shown in table 1. 



ilnmi TniHj PUTe 

lliininam, 5% silicon 

Brass 

BrOQse 

Copper 

Gold 

fron, gray east 
iron, nalleable 
Lead 

Magnesixun (alloy) 

H^iybd^iD 

ifmel aetal 

Hicksl 

aiTor 

airer solders 
Solder 50-50 
Steel (carbon) 
Stalalesi steel (18-8) 
Ha 



il48 (9/64") 
.148 (9/64") 
.115 (7/64") 
.119 (1/8") 
.106 (7/64") 
.106 (7M") 
.067 (1/16") 
.067 (1/16") 
.188 (3/16") 
.171 (n/^6") 
.098 (3/32") 
.092 (3/32") 
.083 (5/64") 
.129 (l/8») 
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913 
700 
112 

HO - 118 
376 

35 

140 
1000 



108 

43 

152 
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the^e figures- are baied Updn the heat condactivity of ^ silver 
ScH is 1000 or 100%: Hoac cbnduc ti^^iry of nera3. should 
be c5risidered in welding for tvb reasons ; 

i. Metals which have a high conduct! vity require a greater 
3«tount of heat because a great amount of th. h.at is conductea 
away from the point cf heat application. 

2 High conductivity causes the heated area to become 
larger and hotted causing a greater an,oant of expansion. 

Expansion 

Metals are sensitive to temperature changes. ^^^^^.^^^^ 

under'^thf Application of heat ^^E^V- ^^J^.J^Sifo^^v' 
and-.idth. if the temperature or a metals raised unitcrm_> 
throughout its mass and lo^-^o/ed in the same vay , the torce 
ofl"Snsion has no adverse effects when the heat from the 
SJld'ing fl^-e is concentrated on a metal /-l^^^l' 
Sp^ fn thP heated area tries to expand and the part which 
n«nos4 i- either distorts out of shap... breaks, or is severely 
stressed Each metal expands a definite amount for each degree 
^f rise in temperature. The increase in length per inch per 
dJgree oftemperature rise measured in millionths of an inch 
is^called the coefficient of expansion. The coe ficients of 
expansion for the common metals are given in uaole 

Geotraction 





Finure 54. Besults of Weld Metal Skrinlcage. 

contraction is the reverse of expansion. When it is cooled 
from the welding temperature, the metal_contracts as much as 
it expanded. If the temperature is uniform throughout the 
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part, contraction is not restrained, if Contraction is restrained. 

the ktal part is puiied out of alignment or a hxgh__stres. ^ 

Remains, reducing the strength of the veld and caasxng the 

ietal to break at a weaker" p5int. Figure d4 illustrates how 

contraction of the weld met^i pulls the parts out of aixgnmcnt 

«hS no provision is n^d. to prevent it The 

can be best controlled by slow, even cooling. Allowances can 

Smade to cause the shrinkage of the weld to pull the members 

into alignment. 

CONTROhhiNG EXPANSION AND CONTRAETieN 

Fixtures 

Joint, in sheetmetal should be welded in a fixture whenever 
possible A properly designed, fixture holds the edges m aixgnnent 
Ind Sni^izes the flow of heat into the sheet, reducing the 
Sou::^ of expansion and contraction. The cia.ping act.on^of^^^ 

the fixture prevents ^^^^ ^^ Lir polntt effectively 
of heavy sections in the fixture at_ tne aebxi-cu 
removes the heat from the base metal . 

Stress Relieving 

Tn most cases, there is some stress remaining in parts 

: - , Vr-^v it is practical, tnis 

fabricated or repaired b^.- -.e^d..... j...-^- i- i v ^ _ strength '-c 
stress should be relieved in order to ootam the .u.l stren^tn ^ 
of the Jeld and the base metal. Heat treatment is ^he most .^i 
reliable method ot stress relieving, ^hepart can be heated 
S a furnace to the stress-relieving temperature, then^coolea 
SoJly and evenly, t^-cn this is impossible, stress-relieving 
Sfbe done by reheating the entire w.ld to f^^^'^^ 
With the welding torch, then allowing it to^copl sl^^^y-^^" 

- ^^•^^nv^^nn can be relieved or eliminated m welded 
maily cases, distoition can rcxj-e _ ^ ^\-^„>,r rhe fiaire 

steel structures. After completing each weld. ^direct the tlaip.e 
nn fche bacV s-de of the weld. This controls shrinkage and, 
of fs'tslome of tEe warpage cau.ed by welding, Warped or buckled 
plates can be straxghcened in a similar manner. ; 

Stress Distribution 

Additional weld metal above the minimum requirement for 
reinforcement does not necessarily mean ^^f ^/li^^Stltresses 
Lint A uniform weld contour is essential to .ransmxt stresses 
through the face of the ..eld points of stress c.oncentratxon 
oScur wherkf th .re is an abrupt change in the contour of 
°rid reinforcement. Gradual changes in the weld contour and 
th^ emission of internal and external irregularities m a weld 
Result in good stress distribution. 

Strength of Welded Joints 

_ \- 

The strength of a welded joint is affected by the weld 
n^etal deposit. 'type of joint, size of the weld, location of 
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which the 



welded - __ ^_ . . 

proper amount of wtld reinforcement is used. 

tdeatidri of Welds 




Figure 



Location of Velds in RelaUon to Line of Stress. 



The location of the weld can affect the strength of^the 
-ioint. Welds that are inade_aCross the line of stress, shown 
in figure 55, are usually 30% stronger than welds that _|re 
„«de parallel to the line of stress, shown in figure 55B. 

Welds running parallel to the stress line have more stress 
on the ends of the weld than the n^iddle and have ^ t^ienc^^ 
to tear out. If your welds have to run parallel to tne line 
of stress, you can hook them around the joint to reduce thxs 
tendency tf tear. 

TERMINOUOSY 



FACc' 




Hgvre 56. Croee Section of 



Each weld must meet certaih_ specif ications . To obtain 

Tnaximum weld strength, the established specifications for reinforcement 
penetration, and contour must be met. References to specifications 
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of a weld are based on "T" which is . the thickness the base 
metii._The different parts 5f a weld are sbbv:n in figure 56; 
The terms are def ihf^d as follows : 

1. Fusion zone - The area of weld ietal that has penetrnted 
beyond the original surface Of the base metal . 

2. Root - The portion of the weid tnetal deposited at 
the bottom Of the joint. 

3; Throat = T^-^ distance along the center line of the 
weld between the root and the face. 

4. Weld Reinfcrcejient - Metal added above the surface 
of the joint edges. 

5. Face - The outer surface of the weld reinforcement. 

6. Toes - The edges of the weld face. 

7 teg - The dimension of the weld extending on each 
side. of "the: root of the joint. This applies to lap joints. 

8. Penetration - The distance from the original surface 
of tlie base metal to the point at which fusion ceases: 



WEtBi;-: . iVnODS 
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Forehand Welding 




r rc-EnfOrccmenT 



16 32 ' 

OEPTM OF rUSlON IN PLAtE 25%TO50% 



Figure 57* Weldiy-ig Beads, FoPehaV-d Meihc 
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iS this niethbd, the flame is pointed in the direction - - 
of travel and the tip is held at an angle cf approximately 45 to bJ 
to the work. This angle allows the vjeidinj^ flame to preheat 
the Setal hhead of the mOlten poo], as shown in figure 57. 
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The angle of the filler rod shouid be 



^i5° to the plate surface 
Sil Siiy vary slightly bh different jobs: The filler rod is _ 
added to the Solten pool by dipping it in the leading edge^of 
the molten p8oi. This welding. method is moac coiinnoniy use-i 
bri thin-wall tubing, sheetmetal, and plate up to i/4" thick. 




Figure 58. Forehand Weldir^. 



In plates over 1/4" thick, a wide bevel with a 90 included 
angle must be used to insure proper fusion and penetration_ of 
the base netal,_as shown in figure 58. This causes the molten 
pool to become large and difficult to control. 



Backhand Welding 




RAPD 70995A 



Figure 59. Backhand Welding. 



In this method, the flame is directed b ick toward the finished 
weld, as shown in figure 59. Backhand welding is used primarily 
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- - K-.i-^iM^p the edge bfevel dies not exceed 6d" 

pool and uses less filler rod: 
Without- filler rod 
1. Light the torch and adjust it to a neutral flane. 
' 2. Heat the plate until a molten p551 is forr.cd. 

3; Using a slight circular mbtibn., move the torch in 
the direction of the weld. 

, J v^i^^ ^Vl<^ -PT Time close to the 

the molten pool. 

V?ith filler £oi 

1. tight the torch and adjust it to a niutral flame. 

2. Heat the T^^te until a molten pool is formed. 

3. Dip the filler rod in the leading edge of the molten 

pool . 

" ■ Ui--i,, '=rr,r: cfdG tO SidC tC obtain 

4. Hove the torcn sxightay i.rom sicc 
good fusion. 

Tbrch Tip Selection 



TIP SIZE NO. 
Torchweld - Airco 



i/64" to 1/32" 
1/32" to 1/16'' 
1/16*' to 1/8" 
1/8" to 3/16" 
3/16" to 1/4" 
1/4" to 3/8" 



72 
68 
62 
58 

55 
53 



0 
1 

3 
4 



Table 2. Tip SizP-s. 
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metaii causing a weak weld, When the tip is too small, the 

volume of heat is not sufficient . to obtain proper fusion. Torch 

manufacturers furnish tables giving the approxitnate sizes of 

tips for welding different thicknesses of itietal. The apprcsximate 
tip size for steel tnay be selected by referring to table 2: 

Filler Rod 



METAL THICKNESS 




1/16" to 1/8" 


1/16" to 3/32" 


1/8" to 1/4" 


1/8" 


3/8" to 1/2" 


3/16" 


1/2" and up 


1/4- 


Table 3. Size of Filler 





The type of filler rod for any job depends upon the metal _ _ 
to be welded. In nost cases, the filler rod is the sa^ie cpnpositioh 
as the base metal. The_ copper coated low carboa filler rod 
is used to weld low carbon steel. Filler rods are available 
in diameters from 1/16^* to 3/8^'. The size of the filler you 
use is determined by the thickness of. the base metal. Tabic 3 
shows the con^p?.r-jPon between metal thickness and filler rod 
diameters. 

WEbDiNS bAP aeiNTS 

A 3-ap joint_^ the_ edges of two sheets are placed ore above 

the other, and the weld applied joining the edge of one sheet 

to the surface of the other. Lap fioints are used in the constructicn 
of equipment faSricatr^d from plate £3nd sheet metal. Lap joints 
are not as efficient in the transmission of load stresses as 
are butt joints, but certain types of lap joints d^feildp the 
full strength of the base me*:ai under a tensilt pulir 

Types of bap Joints 

SimZS-FIiLET LAP JOINT. This type of joint is frequently 
used, since it requires no machiring of the joint edges. This 
joint is welded from one side_ only when the design of che part 

does not permit welding from both sides. The single-fillet 

lap joint, figure 60A, does not develop full b.^ase metal strength, 
but is stronger than a butt weld for some applications. //Hien 
tubing or frames overlap or telescope together, the lap joint 
is preferable to the butt joint. If loading is not too severe^ 
this joint is suitable for we_iding metals of all thicknesses. 
If fatigue or impact loads are encountered, concentration of 



r 
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Fiqi^^ 60, 
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ctresc occur at tha edge of the waid. Urdor tension the pirate- 
may pull out of line, subjiicting d.e toot to bending. 

WUBLE-FILLFT lAP ■^OuiT. This joint, llguve 60S, Is Suitnblc 
for nuch more severe losd conditions than can be net by tne _ 
single-fiiiet lap joint. When properly niade, this joint develops 
ttiP full strength oi the base n'.etsl, ilowever, for e.xtren:ely 
severe loads, the buCi: jaint is -referred. 

JOGGLED LAP JSI^iT. VfheS you want to ui:e a lap joint but 
tile, mptal surface tiiust be kept on the same plan^, the jngglEd 
lap joint, figure 60C, is used. This joint gives a more iiniiorT. 
distribution of ]oad stresses than the single o - double-lr.p 
type The joint produces a greater strength th-m the single- 
fil^et lap joint, but is more difficult to prepare for wc-lcing. 



Held Specifieatiens 




•;t' 



I: 




30-S0%T 



1 

J 

. i 



FiQUPa 61. Weld Specification. 

i. flic upper ]e?, slioaid cciual tho b.-ise i.;cta] in thickness, 
the IbWer leg 1 1/2 "T," figure 63. When weld.'; are ni;.de on 
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metals of unequal thickness, the specif icatio:.s afe bas.d u?ori 
ti:e thickhess of the lighter gage sheet. 

2; The face should be slightly convex in shape; 

3 Penetration or metals i/8 inch or less should be _ 
30 to 50% of uhe Sc... thickn..... For heavier gages the .xnimom 
pehetratibri is i/lS inch. 

4; The throat thickneis should equal the Sickness of 
the base metal. 

Welding Technique 




; — WEtD MfTAU PPRM 



Figure 62. Lap Joint, 

Wh.n joining netal thickness of 1/S inch 
of the sheets should fra-n to 6 tines the metal tn ck^^^ 
The ^oint should be tack welded at intervals of apprcxi..^-.ly 
l1/2 in.he. a. shown in figure 62. Prior to wel.xng. tne edges 
of the sheet should be preheated by directing the flame abo.e 
and below the joint. 

Backhand Welding 

In this method, the flame is directed back toward th.^finiihed 
weld. Backhand welding is used This 
because the edge bevel does not exceed 60 included angle This 
pencils you to maintain a smaller pattern pool and "^l^J 
filler rod edges. This will raise the temperature of the metal 
to a point which will permit ob taining fusion into 
of the joint. The torch should be held approximately 60 aegrees 
from horizontal, nhereby directing most of ^ ^^l^''^^'^.^ 
upon the bof.om sheet, with the flame pointed in the dir. . cion 
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of travel. Wheii tile edges are raised to the molten state, the 
center 6f the molten oboi should be in line, with tho unniclced 
upper edge of the joint, fnis procedure- pcrciLs a greater amount 
of Che base Setal to be melted . into the tiioltcn pool; thus requiring 
less filler rod and assuring adequate . fi;-~idn into the upper 
sheet. To prevent possible undercutting at. the. upper t-dge of 
the joint and overlap on the lower plate, the filler rod should 
be added to the upper edge of the molten pool. The speed or 
travel can be determined by the size of thejr.olten pool inaintnined 
at the joint edges. The following weld charncceristics can 
be used in determining wrong techniques employed in making lap 
we Ids . 

ConcciVS l^std Fcce: This condition generally i:■.dic£^o3 
the use of too large a welding tip and/or an insufficient amount 
of filler rod added to the weld, it results in excess penetration 
and undercutting at the toes cf the weld. 

Weid Face Excessivf^lu Convex : This welding heat and adding 
an exceiJi^mount o£ filler rod. Overlap and lack of penetration 
results. 

Undm-c uttina and O^Jai^ n: This condition exists v.-hen the 
fiamels'liirected improoerlvT Undercutting occurs on the overlioatGd 
edge and overlap on the edge insufficiently heatr.d. This same 
condiLiOii May result frci.i the improper addition of tiLl^r red 
into the molten pool. 

Nc rrov end Wids^ Wstds: A speed of travel along the joint 
edges' which is tod fast will cause the molten pool tp_ decrease 
in size, resulting in a narrow weld. The reverse will be true 
if the speed cf travel is too slow. A slow speed of travel 
usually causes excessive penetration of a rapid speed and inadequate 
amount of penetration. 

Procedure for Welding Lap Joints 

1. Set up work and tack weld, having sheets tightly together. 

2. Preheat bottom sheet at point where weld is to be 
started. 

3. Start at one end and complete weld, directing flame 
inostly on bottom sheet. 

A. Add filiar rod near top edge of joint bvilding up 
bead to correct dimensions. 

5. Turn work over and weld other side. 

6. Cut weldad joint cut <jf specimen. 

7. Check work with instructor after cutting. 
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Precautions: 1. Hake sure chat the surfaces of the two pieces ' i ^ 

to be welded fit closely together. 

2. Make tack welds small and secure. 

3. After tacking, check again to insure close fit 
of the two pieces: 
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. _ • 3ABR53230-SG-iO8 

Metallurgy Lranch 

Chanute AFB, Illinois 

CUTT JOINTS OF OARBSN STEEL 



BBdEGTIVES 

After co:nplcting this study guide and your c^ansrdjtn Jn.trucCion , 
you will be able to apply cue fundamental principle, and tochniqu.. 
of veidirig butt joints. 

INTRODUCTION ^ 

The butt doint is probably the most, difficult jotnE t5 
«eld. The veld specific.itioas must all be net to procuce a joint 
that is as strong, if not stronger . than the oase metai. ^Jne 
butt joint alsc wirh.ta-^.ds bencing and twisting loads oetter 
than any other joint. 

INFORMATION 

The butt joint is used to join theends or edges of tvc 
pieces of metal which are in the sane plane, A properly made 
b^tt joint develops the fall strength of the base netai and 
is satisfactory for all types of loads . The preparation of 
Se joint for n.etals up to l/S"' thick requires matching of .he 
SeeLs ^-.ocarared by a distance equal to the metal thicV.ness. 
i^i^s of metal thickness in any type of butt joint, the 
reretration through the base nu.tal ,.ust be 306,^ and fusion .n.o 
S sidewalls a:, l.asr i/16 of an inch._ Care must be taken 
to space and tack the metal properly. Warping, msufricient 
penetration, cr poor fusion, may result if proper spacing and 
tacking procedures are not observed. 

Keep the plates on the same plane and maintain the correct 
spacing so that vou can obtain the proper fusion and penetration. 
Ma'-e <^^an, well' penetrated tack velds so that the joint 4s ^ ^ 

Sid to a minin:um'of expansion on heatJng and a minimum o contraction 
or cooling. It is not necessary to preheat the plates but you 
should not overheat the molten pool. Oveiheating causes the 
ffloiten pool to boil and spark excessively, enlarges the grain 
in the base metal next to the weld, lowers the strength of the 
weld, and causes scaling of the weld. 

The height of reinforcement for metal up to 1/16" thick 
is approximately one T, or the thickness of the base metal. 
From 1/15" ro 3/32". thickness the height of reinforcement drops 
to 75% of T. As the base metal thickness increases, the height 
of reinforcement decrr;ases. 

The width of reinforcement for metal up is approximately 
2 to 4 T. 
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CONvrx KACE 



PROPER FUSJON. 




'ADEQUATE PENETRATION 



Figure 62. Charaat eristics of a Good Butt Weld. 



The reinforcement must have an even contour and taper 
graduaiiy into the base metal at the toes of the weid, as 
shown in figure 63. 

JOINT PREPARATION AND SETUP 

Mill scale, rust, oxides, and other impurities should be 
Removed frcip the ^cint edges ond surfaces in order co^prevent 
theiu from being included in th^- weld. r-^et.aT up to 1/8 inch 
thick can be welded without beveling. 



MAXIMUM 




REINrCRCuMENT 



SPACtrT AFTER TA CKING^ 






fi^itre 64. Setup - Rifjid Butt ^oini. 
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Joint Setup 

RrGID BUTT mNT. Figure 65 shows.the proper setup fo? 
.cldiSi rigid bucc join, in ^J%^^^^,^^^L..ri^. 
,dg.s Should be placed ^^^^^^^^e ^te being W.lded; 

Which does ^.^^l^ b.\S welded prior r.o welding to prevent 
Rigid-butt jotnts cus^ be tack^^eia p^ ^ ^^^^i^aUBi^ i.npossible 
i-Hii ^dces from being drawn ^ogetlier, maNx-ife i^^i ^ ^ 

fu'ion in welding. They should be spaced approx...,-tel, one 
and one half inches apart along the joint. 




AX { MAXIMUM 



Figv^e 65. Open Butt Joint. 



WEN JOINTS. Joints not tacked prior to welding 

it of the expansion is taken care of in the molten poo.. As 
r.:id1ont-Sues and the ^n^g --^^.^f ^vef the^fen^ire 

ggS^j^fo^e 

iSl is co.pleted,_ one ^^^j^l^^'^l^ ^ t^e 

to setup the Pi^"S-^^^^°"^^^^i^r"T" while thropen or finished 

^tart of a carbon steel joint is one T 'w^ile ^ne ppen 

ena should be approximately 1/4 inch per foot of weld plus T . 



WEbDING TECHNIQUE 



Rigid Batt Jeints 



A ebod wcid depends on the use of the proper tip siza 
filler rod, flume adjustment, and rod and torch manxpul.tion. 
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The weidirig tip should forir an angle of apgroximateiy to 60 wi 
the plate surface, with the ilaz:e beins pointed in the direction 
of x^eldihg.- Add the filler r5d to the molten pool at an^angxe. 
5f about 55°. The notion of the fiar.e should be control jed 
so that it malts the side wslls of the sheets at the joint and 
enough 6f the filler rod to produce a ir.olten pool of the qorrect 
size; The best technique for you depends upon the type cf vorK 
you may be doing, but since any technique is based upon certain 
principles, you should learn them and follow them. 

1. The molten pool should progress evenly down the seam. 

2 The end of the filler rod should be dipped in the 
iending'edge of the T.blten pool. Do not allcv it to melt and 
drip into it. 

3. Hold the inner cone of the welding fiame approximately 
l/i6" above the molten pool. Do not allow it to touch the filler 
rodi molten pool, or the base metal. 

4. The molten pool should penetrate completely through 
the joint but not extend too far below the bottom of the joint. 




Firiure 66. Rigid Butt Joint Welding Technique. 
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Fifcurc 66 shows the technique «hlch i;^_"sca in w.^l^ing rigJd 
square Idge butt loints. The edge.i of the .mecai are molted 
to the bottom of the j5int causing rhe.molten mecai to form 

in the shape of a "hors.shSe. " The filler rod is added to the 

Soi en poo! behind the opcniSg and the molten rool bridges -"^-^^ 
the edges. Tne pressure and heat of the flame are u.ed to reestablish 
the horseshoe opening. This procedure is repeated each tme 
-5^U add filler rod to the. ir.Olt.n pool. _ By naincaining the hor.c-.hnc 
bpehihg, penetration reaches completely to the nottom edge of 
the joint. 

Bpen Butt Joints 

The technique for welding o?en butt joints is the same 
a< for rigid butt joints. In order to keep the jcmt from _ _ 
closing entirely, .he startxng_end is spa.ed one T -d the^^in.sh.ng 

1 ^Lr:eie^^L^shyin1iSu?il3°a^^^ 

about 1/2 inch beyond the tack ^eld. A. the weld progresses ^ 
Se spicing gradually closes to a space equal to the base met... 
thickness . 

PROCEDURES F8R WELDING BUTT OeiNTS 

Rigid Butt deints 

1. Clean the edges of the pieces to be welded. 

2. Adjust the torch flame tc n?utrai, and tack weld. 

3. Starr, weld at the point indicated and weld by the 
forehand method toward tiie opeu end. 

4. After completing this part of weld return to other 
end and finish the weld backhand. 

5. li- tha plates get out of alignment, stop welding snd 
force then back into position. 

6 Before resuming welding, preheat the finished weld ^ 
for about 1 1/2 inches back from point where the weld -stopped .. 

7. Cool weld . 

8. Check your work with the instructor i 

Precautions: 1. Make sure tha: the sheets are in alignment 
after tacking. ^ 

2. Be sure the proper spacing is allowed. 

3 Be sure that the tack is made and the 
wild is started at the exact point iiidicated 
on drawing- 

37 
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Open Joints 

1. Clean the edges of tiie metal. 

2. Adjust the torch for a neutral flame, and tack weld. 

3. Weld by the foreh^ud method. Start at one end and weld 
to the other. 

4. Melt the edges through to the underside and build 
ap the bead to the proper dimensions. 

Precautions: 1. Hake tacks small and strong. 

2. Be sure that metal is spaced properly 
before and after tacking. 

3. Insure that the metal is on the same 
. plane after tacking. 

4. Be sure to use the correct tip size for metal 
weldea. 
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TEE JOINTS OF CARBON STEEb 

OBOEeTlVES 

After cbtnplGting this study guide and your classroom instruction^ 
you will be able to apply the fundamental principles and techniques 
of welding tee joints of carbon steel in the fiat position. 

INTRODUCTION 

The tee joint is used quite often in construction of ships, 
storage tanks, and as reinforcement for other welding operations. 
The principles involved are clonely related to the lap joint. 
The major difference betvjeen a lap weld and a tee weld is the 
height of the upper leg of the weld and the weld face contour. 
The biggest advantage of a tee weld is its ability to be builr 
up in more than one layer so that it can obtain the maximum 
amount of strength for the joint. 




- -- I 

FLAT TO CCNVCY ] 




Figure €7. Throat and Leg Dimeyisions . 

A tee joint is formed when the edge of one plete is__veldcd 
approximately perpendicular to the surface of anothc:r. The 
weld is called a fillet weld because it is triangular in cross 
section. The . various sections of a tee Joint are shov;n in figure 
65. The terms used to identify the weld sections are the same 
for all typ'is of joints. Specifications for the tee joint are 
shown in fijjure 67. When both pieces of the base ir^etal are 
the same thickness, the upper, and lower leg specification should 
be 1 i/2 t. If one piece is thinner than the other, the thinner 
piece determines the leg length or heigth. PenetT.'3tidn should 
be from 30 ro 56 percent for metal l/B'* thick or less. For metal 
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wctal dv-et 1/8". thick the . pent ir^t ion should be nfc Ivnst 1/16"; 
Tne throat thicknoss shovil<i be "T". 

PREPARATION ANB WELDIfJG OF TEE JOINTS 

Joint Preparation 

The tee joint used on r.etal_ 1/8" thick or less needs no _ 
special preoaration other than cleaning the edge ct the vertical 
sheet and the surface of the horizontals sheet Onmetnl^ ov.-r 
i/8", the vertical sheet should be beveled. Tne single .-4^ 
bevel is used on r.etal up to 1/2". The double _V-^5 bevel is 
used on plate 1/2" or thicker if it can be welced 
s^-dc<5 if heavy plate cannot be welded from both sides, the 
bevei'uscd is a" single U which allows for coinplete penetration 
without an excessive anount_ of filler material or ir.annours w]>a.ch 
would be needed if the single V were vvjeu. 




Ficrure 68. Setvs> of Tee Joint. 



vertical sheet, figure 6S, should be spoc-.>d fro- 1/^^ 
to me of an inch above the horizontal sheet. The weldxn,^ 
heat cannot he :ised lb its gren test advant.:.e enle:.s the ed«a=: 
are spaced to permit easy fusion without ^-xcessivt-. heac-^ng. 
The spacing should be the same, along the joint so that penetration 
and fusion can be obtained. When the- joint is welded cn bo.h 
sidas, the tack welds should be • .de alternately from vr.c. side 
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lo the bther. Tack welding in this manner aids in tnaintnininn ^ 
alignSant b£ the vertical sheet; If weldin^^ only one side, tack 
weld one side; 

Welding technique 




GVERtAP 

Figure 69. Tee Joint - Gvertap and Underr,ut. 

Select the proper tip size and adjust the flarae to neutral; 
then, holding the torch at a 55°_ to 60° angle, direct most of 
the heat on the bottom plate. OTien the molten pool forms, be 
sure that it extends eauaiiy cn both pic^tes. To prevent under- 
cuttiSrfigur" 69, the filler rod should be added to tne upper 
edge of the molten pool. 

PROEEDURE 
1. Clean the metal to be welded. 

2 Set up the joint, as shown in figure 68, and tack 
weld at approximately two- inch intervals; allow 1/15" spacing, 
figure 67. 

3. Start at one end and complete the weld. 

4. Weld by the forehand method, taking care to direct 
most of the flame on the bottom sheet. 

5i Check with the instructor for weld faults. 

6. Repeat the above procedure until you can make satisfactory 
tee welds • 

Precautions: 1. Make sure that the vertical piece is 
securely tacked to the horizontal piece 
with small tack welds. 
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2. Make sure that the proper size tip c.l 
sufficient volume of heat is used. 

3; Make sUrc that the penetration is 
extending into the root cf che joint as th 
weld progresses. 
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POSITION WELDING 

OBOrCTIVES 

After completing this study guide and your classrcon^. iuotructich^ 
you will be able to apply the t(?chrtique of welding joints in 
the horizontal and vertical positions* 

INTRODUCTION 

Although the different types of joints are easily x^elded _ 
in the flat pbsitibh, these joints are not always found in this 
position. Many times you niay be required to veld a joint in 
one of the other positions. In order to successfully weid a 
joint in the horizontal or vertical position, you rcust knov; 
and apply _thc techniques required to allow the weid to meet 
the specifications for the type of joint* 

INFORMATION 

All welding can be classified according to the position 
of the metal or joint edges of the inetal being welded. There 
are four general positions in which welds are reruired to be 
made. The?e ?re designated as flat, horizontal, vertical, .^nd 
bverhcac: pcisitions- 

In the flat position the weld is m^de with the parts flat 
on the table or inclined at an angle less than A5 degrees, the^ 
filler metal is deposited from the upper side of the joint, and 
the face of the weid is approximately horizontal. 

Tn the horizontal position the weld is Hiade with the parts 
in a rtical position or inclined at an angle of nore than 
45 degrees with the seam running horizontally. 

In the vertical position the parts are inclined at an rngle 
greater than a5 degrees with the seam rjnning vertically. 

In the overhead position the filler metal is deposited 
from the underside of the joint and the face of the weld i.^, npprc>:i:^^it 
hbrizdrital ; 

WELDING IN THE HGRlZDNTAh AND VERTICAL POSITIONS 

In order, tb make satisfactory welds in positions other 
than flat, a knowledge bf factors which permit control of the 
weld metal in these various positions is essential . Dae to the 
effect of gravity, the molten weld metal in the puddle always 
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tends to sedk n lower level; Thin tendency roMLraincci by 
the foJiowihs forces: cohesion ° j J^-.^^^l^^^^ ^"1:1!;;;;,.., 
provided by the base nibtnJ and soUdi f :oa vc d t olax pr f^^^.c 

of the flame on rlie !r.oll-n noLal; the manipulation an. cnillmi 

effect bf the filie? rod upon the molten pooi; and surface tension. 

the nost irportant force couuterac ring . the force of gravity 
is the cohesivenes. of the molten ^etnl. which allows a certain 
a„,oant of molten rr.etal to be placed in the molten ^pool without 
running or falling off. A factor affecting coh.s: on is tne 
amount of heat applied. More heat than necessary increases 
Se fluidity of the molten metal, resulting in a greater tendency 
of the metal tc ran or fall off. 

Rerizdntal Welding 

When you weld joints with the joint ed?/^s horizontal, the 
shoul/be held at an angle of 45 degrees to the piatc surface 
U inclined slightly in the vertical plane, to direct the fxame 
upward. The siigbt inclination given to the tip keep? ^the 
molten metal from sagging to the lower edge of f^^^' 
tin should bo moved siightly from sice to side to dcpo.-i. -h- 
^ctal uniformly along the joint. Th. filler rod ^cidcd to t. 
upper edge of the molten pooi v^rr.ix:s an even distribution o. 
veTd me tel. 

Vertical Welding 

In vertical welding the molten r.etai has a tendency to run 
down, due to the force of gravity, and ----- ^ ^^^^y-^^;;^ 
bead. To control the flow of molten metax u..e f-i-....s.ou.i 
Se held below tl:e welding rod. pointing upward at an angle o. 
45 degrees to the plate. The pressure of the g^-^^^-m rh. 

t-io help support the molten metal: however, removing Jic ..a.-.e 

S-^nSriK'when the molten metal tends tc sag will aid in producing 
rSeld of proper contour. The solidified weld metal just below 
?hrmolten'poc.l acts as a ledge and provides additional sup,orr. 



PROCEDURES 

Deuble-Fillet Lap doint 

1. Clean the metal to be welded. 

2. tap 1/2 inch and tack weld in the flat position on 



the bench. 
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Figure 70. Horizontal Lap Joint. 



3. Mount in the horizpntal position^ as sho;^ in figure 70 
and weld in the fixed horizontal position. 




yigvrs 71., Vertical Lap Joint. 

4, Mount in the vertical position, as sho\m in figure 71, 
arid weld in the fixed position. 

Vertical Tee Weld 

1» Clean the metal to be welded, 

2, Space the tack weld in the flat position on the bench i 
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Figurs 72. Vertical Fillet. 

3. Mount in che vertical position, as shown IpI Tigore "2, 
and weld. 
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MECHANICAt DRAWING AND BLUEPRINT READING 



OWECTIVES 

After cotnplecinp this study guide and 
shop, drawirigs and sketches of welded assetnb 
and bliicprtnts; 

INTRODUCTION 

Nearly every repair or fabrication 
job you will do will require working 
to specifications contained in a 
drawing or a blueprint. Ac times, 
yoa will be required to make your 
own^sketches and drawings to design 
parts for which there ;are no drawings 
or blueprints. Interpreting blueprints 
and drawings is a skill you must learn 
to qualify as a metals processing 
spMlallst. 



INFORMATION 



MANAGEMENT OF DEFENSE 
ENERGY AND RESOURCES 

Due to the conservation of energy 
rcsot^ces, dp not write in or mark 
oa_any training literature since it 
wtU be reused by other classes, tights 

he turned off any time the classroom 
ls_vacaht for more than 20 minutes, 
ill coasufflable materials will be used 
wnservatively throughout Block II. 

OBAHING EQUIPMENT AND 
GEOMETRIC CONSTRUCTION 

Thts study guide covers drawing 
equipment i the use of geometric 
cbnstnict ion principles in making 

a blueprint or drawings and the 

towretation of blueprints and drawings. 

The purpose of a drawing is to 
indicate the form and size of an object 
and to convey the ideas of the engineer 
or dsigner to the_persor^who is to 
a^e the drawing- The form of the^ 
object is indicated on the paper by 
die relative positions of lines. It 
is »ore efficient to show the various 
design features i*i the form of a drawing. 
In this way the details of construction 
^ easily be und«stood. A written 



classroom instruction, you will make 

lies and interpret shop drawings, diagrams , 

or verbal.descriptlbri of detailed 
parts would be coo extensive and would 
only confuse the workman. A drawing 
showing dimensions and explanatory 
notes gives the workman clear, easily 
interpreted information. Drawings 
are made with the aid of various 
instruments and equipment. If the 
drawing is made with instruments, 
it is a mechanical drawing; whereas, 
if it is aade with only a pencil, 
it is a free-hand sketch. 

Drawing Equipment 

the following paragraphs explain 
the various tools and equipment used 
in making drawings. 

DFAWING BOA^r, T-SQUABE-. AND TEIANCLE. 
A drawing board may be used to provide 
a f 15 t. smooth surface for the paper 
while the drawing is being made. 
The left edge of the board is used 
as a straightedge to guide the T- 
square. The blade of the t-square 
provides a straightedge for triangles. 

DRAWim Fi4PES- Pravring paper 
is available in a variety of grades. 
It nay come in^eets or rolls _and 
be colored white, crein, or burf^ 
For pencil drawliigs, such as those _ 
iade in the shop, paper with a slight 
grain that can be easily erased is 
best. Tracing paper is used to make 
original drawings because it is 
transparent enough so that brigitsal 
drawings may be traced or inked. 
The drawing paper is placed near 
Che edge of the boardand the upper 
edge of the paper is lined parallel 
to the T-sqtiare. After the paper 
is in place, it is taped down at 
the corners, as shown in figure 1. 
Occasionally, thumbtacks are used_ 
to hold the paper but they are not 
as suitable as tape. 
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T - SQUARE 



DRAWING 
PAPER 



Pigare 1. Draojing Board Setup. 



tmV^G HINCILS. Pencils are 
graded by_ letters from 6B (softest) 
through 5B^ 4B, 3B. 2B, B and HB__ (medium 
soft), F (medium. hard), H, 2H, 3H. 4H, 
5H, 6H, 7H, 8E. 9H (extremely hard). 
Grades 4H and 6H are generally used 

for drawing lines while grades F, 

H, and 2H are preferted for lettering 
and sketching. 

r-55£/AR^. This drawing ruler i 

shown ^ figcre 1. is a t-shaped 

instrument consisting of a straighteage 
with a head at one end. The head 

is fastened to the straightedge at 

a right angle to the blade with screws. 
It is used as a guide for horizontal ^ 
vertical, and sloping lines. 

TRIANGLES. These instruments 
are used to draw vertical and sloping 
lines, the two most co^only used ^ 
triangles are the 45* and the SO'^/eO* 
triangles.- The former has two angles, 
45* and 90*. The latter has 30*, 
60* * and 90* angles. Generally i they 
are made of plastic. Various angles 
can be obtained when they are used 
with the T-sqaare^ as shown in figure 2. 




30* 



45» 




figure 2. Applicattdn of a 
T-Squore c^Ui Trimgls. 

TBCTBACtOR. , This instrument 

is used for drawing angles that are not 
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Figure 3. Protractor. 

Included in regular triangles. 
Protractors are usually graduated^ 
from 0** to 186** in divisions of 1 , 
as shown in figure 3. Protractors are 
also available with smaller divisions. 
The protractor is placed with its 
reference line over the line of the 
^per and its center mark at the 
point where the angle is to be drawn. 
Mark the center point. The desired 
angle can then be found on the outer 

edge of the protractor. Mark the 

paper at the desired angle. Remove the 
protractor and draw a straight line 

from the point just marked to the 

center point of the protractor. Thus, 
the required angle is made. 



.SCALE DESIGNATION NUMBER 




Figure 



Scale. 



SCALES, two shapes of scales 
iie commonly used; the flat^ and the 
triangular. They are usually made of 
boxwood; althougi some are made of 



hardwbbd; In the past years ^ plastic 
has been used .extensively in the 
^nufacture of scales; There are 
two types of triangular scale; the 
engineer*s and_the architect's. The 
engineer's scale has inch divisions 
subdivided into decimals of an inch. 
The architect's scale is generally 
used in the preparation of drawings. 
The scale is intended only for measuring 
and should, not be used as a straightedge. 
The scale has eleven sets of graduations 
or scales. At each end pf the scale, 
except the full size scale, is a 
number (usually a fraction) showing 
Che size or breakdown of the scale. 
On the left end of the full size 
scales the number 16 appears, this 
indicates that the full scale is 
divided into 16ths of an inch units. 
This is the scale that will concern 
the beginner in mechanical drawing 

Che most. _ the full size scale is 

iised for drawings of the same size as 
the object or the parts they describe. 
Figure 4 shows how each division 
is read as a fraction when a full 
size scale is broken down in 16ths. 
An expianatibh of the rest of the 
graduations on the architect's scale 
will be given by the instructor. 
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Figure 5. 
COMPASS, _ The compass, shown 
ixi figure 5, is an instrument that 
used for drawing circles or parts 
of a circle. The compass consists 
of two legs hinged at the top to 
permit adjustment to the desired 
sprsad. One. leg is desigaed so 
that- a pencil or pen can be used- ^ 
Usually, an extension bar is included 
for a greater spread. 

Geometric ebnstruction 

Drawings are used to express 
and record the ideas and information 
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necessary for the building of machines; 
structures, and parts that make op 

a complete object. In the making of 

drawings, the drattsnan may use geometric 
principles to resolve various drawing 
problems rapidly and accurately, the 
welder will also use drawings as a 
guide in the fabrication of parts. . 
The welder must have a knowledge of 
geometric constructions in order to 
understand drawings t ^^^^"SS 
are J-ines, circles, arcs, and curves; 
it will be necessary to learn the general 
methods of drawing each of them. 



Figure 6. Angle. 

DHAWING -J^JAfiGtE. An . angle is 
formed by drawing_two straight lines 
that intersect. _These Itaes must 
m^ct at one point, as shown in figure 
6. Angles can.be drawn very rapidly 
with the use of a t tingle. 




To draw a circle with a pencil 
compass or divider, set the radius 
and swing a circular line around 
a center _point. To avoid changing the 
radius, do not move or hold the legs 
of the compass while the circle is 
being drawn. 



Figure 8. Arc. 

PEAWiNG AN ARC._ An arc is part 
of a circle ard is drawn in the same 
manner as a circle, as shown in figure 8 
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Figure 9. 



Bisecting d Li-ne. 



Figure 7, Circle'. 



DRAWING CIBCLES. A circle is 
a line drawn with a compass from one 
central point, as shown in figure 7. 
The distance from the _ line to the 
center point remains the same. Any 
straight line from. the center point 
to the line is called the RADIOS of 
the circle. A straight line passing 

through the center ^ which cuts the 

circle into two equal halves is called 
the diameter of the circle, the diameter 
is cqaal to twice the radius (d - 2r) . 



BISECTING A LINE. Bisecting 
a line means to divide it into two 
equal parts. This is done with the 

use of a pencil compass or divider. 

Set the compass or divider at a distance 
greater than half the length of the 
line. Set the needle point on one ^ 
end of the line, point of A, figure 9, 
and craw ah arc above and t?elow the 
line. Using the same setting, place 
the needle point oh the other end 
of the line, point B and cross the 
first two arcs above and below the 
line, points C and Draw a thin 
line through the points where the 
arcs intersect. The thiii line will 
bisect line AB. 
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Flgujre 10. BisecHng an Arci 

BISECTING AN AEC. Bisecting an arc 
Is similar to bisecting a line. Set 
the pencil compass or divider at a 
distance greater than half the length 
of die arc. Set the needle point 
on one* end of the arc, point A on 
figxire 10, and draw an arc on each side 
of tbe original arc. Using the same 
setting, place the needle point on 
the other ead of the original arc, 
point B and cross the first tvo arcs 
at C and D. Draw a chin line through 
the points where the arcs intersect. 
The thin line bisects arc SB. 




Pt^ure 22. Bisecting ah Angle. 



BISECTH^G AN ANGLE. To bisect 
Se angle BAC. fir.urc 11, use A as 
a center and strike an arc DE. 



and E as centers and a radios 
greater than one-half DEi. draw small 
arcs intersecting at .0. Line AO 
bisects the angle BAG; 



With D 



Figtire 12. _ Meeting a Ferp'ef^tcutarjo 
a Given Line From a Faint an the Line. 

1DMWIIIG_FEEP£WICULAF TO A 
STRAIGHT LINE. A perpendicular 
is a straight line that meets another 
straight line at 90". To draw a 
^^pendicular to a line from point 

on ttat line (figure 12), with 
P as a center and with any radius, 
draw_arcs intersecting the line at C 
and D. Then, with C and D as centers 
and a radius longer than one-haXf 
the distance betwe^ C and D, draw 
arcs intersecting at E._ Lxne EP 
is the required perpendicular. 

To draw a perpendicular to 

a line AS (figure 13) from a ooi^i^ 
p ^oae distance away from the line: 
With point P as center, draw an 
iic intersecting the line at C and 
D. With C and D as_ centers, draw 
arcs with a_ radius longer than one- 
half C and D. Th^e arcs intersect 
at E. tine EP is the rec 
perpendicular . 



DRAWING A LINE PARALLEL TO 

ANOTHER LINE. To draw a line va 

CO line AB (figure 14) at some distance 
away Horn the line, with any points 
1 and 2 as centers on line AB, draw 
aree with the desired distance as 
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Figure IS* Erecting u 



Line Perpendicular to. zl Given Line Cutsice the Lim^ 




Figure 23. Constructing .a Line 
Parallel to Another Line. 

radii. Une CD, drawn tangent to the 
arcs. Is the required parallel line. 

__DRAWING AN A^C WITHIN A 90^ {RIGHT) 
MGLE^ To draw an arc within a right 
angje, figure 15, withA as a center 
aid with any desired radius, draw arcs 
across lines AB and AC establishing 
points D and E. Using the same radius 
and ^tix D arid E ^s centers, draw 
intersecting arcs to form point F. 
With F as center, draw the required 
4rc from points D and E^ as shown in 
figure 15. 




B 



Figure 2S. Drawing jm Arc Uizhin 
a Ei^t Angle. 

muSTMCTII^ An AEC TANGErJT _ 
TO WTEESECTim tjMS. Select. points 
1 and 2 on line A3 and points 3 and 
4 on line BC, as shown in figure 
16. Set a sinall pencil compass 
at the desired radius and strike 
an arc from points 1, 2, 3, and ^ 
4 on the same side of lines AB and BC. 
Using a triangle as a straightedge, 
draw lines DE and EF tangent to 
the arcs. With the same compass 
setting, place the needle point _ _ ^ 
of the compass at point E (the point 
of intersection af the two constructed 
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Figure 16. Cqnstin^tir^ an Arc 
Tangent to Intersecting Lines. 

lines) and strike an arc t^gent to 
lines AB and BC. 

DRAWMG A 60 ANGLE ^ To draw a 
60* angle from a point on a line 
(figure 17) with A as_a center and 

amy radius* draw arc BC. With point 

B as a center and the same radius AS, 
-^draw an arc intersecting at po^t 
TO the arc just drawn. EAB is a 60* 
angle* 

Note: A 30* anfle may be obtained 
by bisecting the 60* angle. 





ft 
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Figure 17. DraaJing a 60*^ Angle. 

DRAWIUG A iS"^ ANGLE. To draw 
a 45* angle from a point on a line 
(figure 18) i from point A on line AB, 
set off a distance AC. Draw the 



perpendtcaiar DCi and set off a _ 
distance_CE equal_c6 AC. Draw AE; 
fingle EAC is a 45* angle; 
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Figure 28. DrasHng a 45^ Angle. 

PSAWING A RIGHT ANGLE. A right 
angle is an angle of 90* formed 
by two intersecting perpendicaiar 
lines. 

When several lines, arcs, and 
circles are found on one drawing, 
letters and/or numbers are used to 
identify specific places or parts 
on the drawing. 

Your duties will require making 
layouts on paper and metal for required 
repairs. Layouts include lines, circles i 
and arcs. 

DRAWING A Ration ^oint. using 

geometric construction, make a shop 
drawing of a station joint to scale, 
i^ing the dimensions given in figure 
29. 



QUESTIONS 

Kote : ^ not wr^te in. this study 
i tutde. Answer ail questions on 
a separate sheet of paper. 

1. TiJhy is it necessary for 
a metals processing specialist to 
know how to draw? 

2. How many degrees are in 
a circle? 

3. What is a radius? 

4. Define the diameter of a circle 
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Figure 19. Station Joint. 
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6, Bhat does bisect mean? 

7; What is a perpendicular line? 

8. What are parallel lines? 

9. A 60* angle is vhat part 

of a circle? A 30" angli? A sngle? 

10. What is a right iigle? 

TYPES OF DRAMINSS 

The most common type of drawing 
is ^ orthographic. Although they 
are used much less frequently than 
the brtho|raphic, there are times when 
as isometric, perspective, or oblique 
drawing i^ useful. The four types 
of drawings are as follows: 

Orthographic Drawing 

An orthographic drawing is a way 
of representing the exact shape of 
in object In views. Each of these 
vi^ show the shape of the object 
fr^ the front, top, side, etc^ Any _ 
two or more views will completely describe 
the object. Each view is a completed 
picture of the surf ace of the object 
which it represents. 

to understand the orthographic 
drawing, consider that each edge of the 
object is represented by a Itne^ E^ch 
llie will be seen in its true length 
and In its proper place as it appears 
to the object. A good way to visualize 
thl« is to imagine the object suspenaed 
in the center of a transparent box 
with itS sides parallel to those f ^ 
the box, as shown in figure 20. Looking 
in each_side of the box, you will see 
different views of the object. If 
these views were projected to the 
surfaces of the transparent sides of 
the bbx, as in figure 21, and if the 
box were flattened out, as in figure 
22, ve would have an orthographic drawing. 

If lines could be extended from 
every point, edge, andsurface of the 
object to the transparent box, tne 
result on the front of the box would 
be the front vieiJ and would show the 
tru^ height and length of the object. 




Orthographic ^rm^ng. 




FRONT 



TOP 




I 



Sin 



ttees frdi the bbjecc to the . top o. 
the box give the top view and show tKe 
•true width and length of the object..^ 
tiie^ Horn the object to the right side 
of the box give the side. view. and show^ 
the Ctue heighE ahd ..width of the object i 
ss shown in figure 23: 

Ifote: Since there are six sides 
to the box. there will be six basic 
vteus. However, two or three views 
ire all that are necessary to 
visualize the object. 
Dsually, the orthographic drawing 
of a given object Is started by drawing 
Che front view. The top view is drawi^ 
directly above the front view with the 
aid of vertical lines extended from the 
fxoat view. 





CtUNDER 



Figure 25. Vieas necessary for 
Cylinders arid Cones. 

Curved surfaces such as cones an* 
cylinders are seen as circles, triangles, 
and rectangles in the views. A cylinder 
iay Appear as a circle in one view and 
as a rectangle in another view, as Shown 



in figure 


25. 
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Figure ZB. Isometric Axes. 



Figure 24. _ Drcojing <m 
Orthographic Projection. 

The side view of the object is drawn 
to the right of the front view by _the 
aid of horizontal lines extended Jrom 
tte front view and by projected lines 
drawn from the cop view, as shown in 
figure 24. 

• Since It is necessary to describe 
^ery pirt of an object, all surfaces 
oust be represented even if they cannot 
be seen, to identify surfaces which 




Figure 27. Isometric Drauvng. 
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Figure 28. Represent^r^c nng 



Isometric Drawings 

isometric drawings are pictorial 
views of objects^ They are built on 
three lines representing three edges 
of a cube, such_as lines 1, 2, and :> 
ia figure 26. These three lines form 
three angles of 120^ and are called : 
isooeSic axes, (figure 26 A) . One is 
drawn vertically and the other two at 
30* angles from the horizontal by Qsing 
a Bd^/eb"* triangle and T-square. 

rtL^ aiaensions of the block (length, 
width. aSd height), are laid off in true 
l^gth on the isometric axes and li^fs _ 
are draws through those parallel to each 
axis (figure 27). Any line of the object 
that falls on, or is_ parallel to, the 
isometric axes is called an isometric 
line. 

Edges of an obiect not falling 
parallel to one of the isometric axes 

are called nonisonetric lines. 

Nonisonetric lines must^e constructed 
by joining their two terminal points 
with the aid of a straight edge (figure 
28)* When an object contains many 
nonisometric lines, it is easiestdrawn 
if you visualize it being placed in a 
box. the box is ^hen drawn in isometric 
and the object located in it by its point 
of contact, as in figure 28. 
Perspective Drawing 

A drawing that shows the shape of 
an object just as it appears to the eye 



les oh Isometric Drasn^ngs. 



of the observer is called a perspective 
drawring, figure 29. An accurate. copy 
of a photograph of an object would be 
a drawing that is i^true perspective, 
this is because a camera records an object 
the way the eye sees it. A perspective 
drawing of a piece of work has its value; 
however, it is of little help to a welder. 
It only shows the picture of the cbiect 
and indicates the shape as viewed from 
one position. It gives no detail as to 
tne internal construction, which is what 
you need to knbw._ Perspective drawings, 
are used very little in welding work but 
they may accompany taechanical drawings 
for the purpose of showing an overall 
picture of the finished product. 

Oblique Drawing 

An oblique drawing is based cn the 
theory that one face of the object is 
parallel to the picture plane. Oblique 
drawings are similar to isometric drawings 
in that they, are based on three axes on 
which measurements may be made. 
isometric drawing, the axes are placed 
at 120** to each other. In oblique 
drawings, two axes are always at a right 
angle to each other and the cross axes 
may be at any convenient angle, as m 
figure 3dA. 

Oblique drawings have an advantage _ 
owei isometric drauitsgs in that 4n object 
with a circular oaclinc on each face nay 
be represented in true form. Also, any 
object with an irregular outline can be 



12 



3 



ERIC 



Si3 



WNISHING 
POINT 



VANISHING 
POINT \ 




OBJECT 

Figure 29. FerspecHve Drc-:>.ng. 



Oblique 






Figure 50. Oblique Drccjing. 



drawx more easily by an oblique drawing. 
Usually it is placed at 30** . Sitice 
one face of an oblique drawing is 
parallel to the picture plane, the _ face 
is xiDt distorted. To a certain extent, 
the receding two surfaces will look 
distorted as in figure 30B. 

INTERPRETiN3 DRAWINGS 

Types i UsCi and Interpretation of Lines 

^The line is the basis for 

interpretation of drawings. A thorough 
Icnowlcdge of linei: is essential to a 
welder. Figure 31 shows how various 
types of lines arr- drawn. Some of the 
wosz cbninon lities and their use are 
shovn in figure 31. 

Dimereioning 

Three. types <'f jiii^^easions are shown 
in figure 32; detail, position, and 



overall. A detail <2iinehsibn shows one 
length or dimetsion necessary to express 

the size of an object. A position 

dimension locates the centers of circles 
or radii necessary to fabricate. objects 
to exact dimensions. An overall dimension 
is a total diinehsion which is used to 
give the entire length, height, and 
width of an object. It is generally 
a suSnation of all included smaller 
dimensions and is placed on the outside 
of detail and position dimensions. 

LETT^S AND ~FICVP.es. All lettering 
and figures on AF drawings are placed 
horizontally in order to be read easily 
from the boctom of the drawing, as sliown 
in figure 33. Unless otherwise specified i 
inch marks need not be used on drawings. 

since all dimensions are understood 

to be in inches. Where dimensions are 
in feet, or feet and inches, they will 
be marked as 12' or 12' 8". Normally. 
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Hffi^ 33. PoHHm of Letters and Figures. 
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Figure 34. bmansionzng Arcs and Ra.dii. 
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Figv^e BB. Bvmensioning e-^.rcles. 
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in a machine drawing chc symbol for 
is not used. 



feet 



RADII. Methods of indicating radii 
cf arcs and carves are shown in figtire 
34. Radius dimensions are shown as ^ 
followed by the letter "R" and the 
dimension line has only one arrowhead. 

Some examples ot how angles 
are dimensioned are shown in f ig^5^ 35. 
Depending upon the spacing between the 
extension lines, dimension lines and 
dimetisions may be placed inside or 
outside the angles- 

CIRCLES^ Figure 36 is an example 
of bow circles may be dimensioned- A 
dimension Indicating the diameter of 
a circle , is generally followed by the 
abbreviation "DIA." 

EOIZS. Holes which are to be drilled 
or ream^ should have the diameter given, 
prefera^^y on a leader line, followed 
by Che w?rd indicating the operation. 

T^TTS AlW/OR TOLEBANCE. _ 'TheBS 

are the extreme dimensions accepted^ 

For example, a piece is to be made 1.950 
iotxz a maximum dimensibh .002 Inch 

larger and a minimum dimension .003 
inch less th^ 1.950 inches, the extreme 

_ _ _ +.002 - ^ - 

dimensions would be 1.950 inches. 

1.952 inches and 1-947 inches are the 
limits , as illustrated, in figate 37 . 
Tolerance is the ainouat of variation 
permitted in the size or location. In 
the above example, the_tblerance or total 
amount of variation permitted is .002 
+ .003 = .005 inch. 

Interpreting Sectional Views 

A sectional view is obtained by 
imagining the object cut away as if by 
sawing (figure 38). The path of the 
saw is considered to be the cutting plane; 




I j 



4> 



Figure 3S. Sectional Views. 

i.e.i the plane upon which the. cut is 
made. If one portion of the object is 
then removed and a drawing made of the 
remaining portion, the lines formerly 
invisible are exposed to view. Since 
sectioning an object is an imaginary 
operation, the other necessary views are 
not changed. Theonly addition is 
a cutting rdane line which traces the 
path of the cutting plane.. A pictorial 
view of the object with the path of 
Che cut traced by a diagonal line is 
show in figure 33. An orthographic 
projection with the side view sectioned 
is also shown in figure 38. The position 
cf the cutting plane is located on 
the projected view by a cutting plane 
line, as sho^ iti figure 39. The view 
to be exposed after, passing the cutting 
plane through the object is indicated 
by the direction of the arrows on the 
cutting plane line, as in figure 39. 
The cutting.plane line may be omitted 
if the cutting plane line coincides 
with the centerline representing the 
sy^eurical axis of the object. 

FULL SECTIONAL ^lEW- A full, 
sectional view is obtained by passing, 
a cutting plane across.the entire object 
(figures 38 and 40). In this operation, 
one-half of the object is ^^^^^^^^^^^-^.^^ 
removed; the other half, with_the interior 
exposed to view, is drawn or projected 
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symmetrical axis. Th 

the object is considered removed and_the_ 
interior exposed to view. To more clearly 
describe the ot>ject, invisible outlines 
are generally omitted from the. sectioned 
and uasectioned portion. The half-section 
provides a view yhich shows the internal 
and external features of an object. 



1 




Figure 29. Cutti-n^ Plcs^e Line. 




Figure 40. Full Section. 
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Figure 42. Half-iSection. 

m the ^ner of any other orthographic 
view. 

BALF-SSCTIOML VIl^-. A half- 
sectional view may be drawn for a 

sy^etricai object (figure 41) . This 
type of section is obtained by passing 
two cutting planes at a right angle 
to each other along the centerline or 



Figure 42. Brcken-Out Section. 

BRO^N-OUT OE PARTIAL SECTION. A _ 
brbken-out or partial section. is employed 
when it is desired to show only a portiorx 
of the object in sectional view (figure 
42). Frequently, a broken-out section 

will. eiiminate the necessity of showing 

a full or half-sectional view. The broken- 
out section is bounded at the break by 
a short breakiihe. 

Uniformly spaced 45**, fine* Parallel 
lines, termed grosshatchin^ or section- 
lining, are tssed to distinguish rhe 
surface of the material theoretically 
cut and exposed by the cutting plane 
The spacing of crosshatching varies frbx 
i/32_ to .l/3 _inch, depending on ths size 
of the drawing and the pare. Detail 
drawings are crosshatched with thesymbbl 
forecast iron regardless of the material 
used. 

Methods of Showing Detail Not in 
Section.al Views 

INVISIBLE OBJECT LINES. iTivlslhle 
object lines asd details beyond the 
cutting plans are not shown on sec- tonal 
views unless required for description 
of the object.. 

ELmmATmH of crosshatching. when 
a catting plane passes through a rib, 
web. or similar parallel element, the 

crosshatching is omitted from those 

pa^ts. as shwn in figure 43. The plane 
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Fi^ 42. flifcs Secttun. 

18 thought of as being just in front 
of the rib or web. 

O^OSITE dIRECTim CROSSHATCEING. 

to two othej parts.^the |ngle of its 
croishatching is irade 30 or 60 . 

Meldirif Symbols 

welting syniol^i^^r ""^'^Sils 
.concise welding information o^/^JJ^^^^ 
for the guidance 

r^eflS/SafoftSrSlks s^bol. 



shovm in figure is used.to designate 

the weldini prbcess .to_Be ased. its 

locatibn* dimensions, extent, contour. 

knd other suppiementary . itif brmatton. 

vmen neceisary, a jail is attached 

to the reference line and. utilized 

lo provide specific notations (figure^«) • 

S^Ler. the tail is^oaltted when Such ^ 

notations are net required. 

Emms OF A WELVim 'smBOL. 
ihe kr^y and Navy Standard f^^^^^^^^^f 
l^oS (JAN-STD-19) »akes a distinction 

blSeen the terms =>-''°4.^f 
"welding symbol." The weld symbol 
-Jthe IdeSraph (A and figure 45) 
used to indicate the desired type of 

s^tistf:f«ow-;^^^^^ 

and other data, supplementary symbols 
Sil. specif ication, process .^or other ^ 
• «lerence. The location of the welding 
Sol elements with respect to each 
other ±s Shown in figure A4. 

BASIC JffiLD SiWBOiS. __These weld ^ 
symbols are used to indicate jhe welding 
processed used in metal 
operations to indicate whether the 

^eia is localized or "all ^"^^f^' 
to Indicate Shop or fleld^elds. and 

to indicate the contour of the vexcs. 
Sese basic veld symbols are summar..ed 
and illustrated in figure 55. 

Ar-c end Gas field Sy^ols. These 
syihpls Signify bead fillet, plug, 
or slot, square, V, bevei. u, 
welds, as ihown in figure ASA. 

syt^ols signify spot. P^^ecti^-. seam. 
ISsh, and upset welds, as shown in 
B, figqre 45. 

and Flm J^fe^^^-l- f Tf^r these 
symbols 1-ve been assigned ^for these^ 

processes ; thererore . /"^^"^^ .^^q^^ 

Selding syS>ol ^« Jf ,.S/,1elding 
44. lo designate which of t.iese 
processes is used, together with ^ ^ 

Ipecifications, P^^^^f " ' 
s'upplementary information es tred 

usSily estal,lished by their sses and 
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CONTOUR SYMBOL 

ROOT OPENING DlPTH OF FitUNG 
ROOT ^^^p'^g^ 5LOT WELDS 

ivZt: St2E OR- STRENGTH 
FOR RESISTANCE WELDS 

REFERENCE LINE 



PHClFiC>t^ON,-P^.OCESSL^ ^ 
OR OTHER REFERENCE J 



BASIC WHLD SYMBOL OR DETAIL REFERENCE 




FINISH SYMBOL _ 

j GROOVE ANGLt •NCLUDED ANGLE Or 
i COUNTERSINK FOR PLUG WELDS 

LENGTH OF WELD 

PITCH (CENTER TO CENTER SPACING) OF WELDS 
/ ^ FIELD WELD SYMBOL 

ARROW- CONNECTING ^/E^E.^CE 
LINE TO ARROW _5.Dt Cr^JQ^T^ 
TO GROOVED MEMBcF. OR BOTH 




WELD ALL AROUND SYMBOL 

•NUMBER OF SPOT OR PROJECTION W£LDS 

RA PD 2359SS 



0 



Figi^e 44. Standard Locations of Elements on a Welding SynwoU 



T YPE OF W ELD 



BEAD 



FILLET 




PLUS 

OR 
SLOT 



GROOVE 



SQUARE 




BEVEL 




u 




^ BASie ARC AND GAS WELD SYMBOtS 



TYPE OF WELD 



SPOT 




PROJECTION 




SEAM 




FLASH 
UPSET 



B— BASIC RESISTANCE WELD SYMBOtS 



WELD 

ALL 

arou'nd 




FIELD 

WELD 




eONTOUR 



FLUSH 



CONVEX 
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^ — SUPPLEMENTARY SYMBOLS 

P£^e 45. Basic Weld Symbols. 
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^— WEtbS ON tHE ARROW SIDE OF 30INT 



g— WELDS ON THE OTHER SIDE OF JOINT 




Q WELDS ON 30TH SIDES OF JOINT 



FLUSH eONtOUR SY/v^BOL 




Pi_SPbT, SEAM, AND FLASH OR UPSET WELD 



BEVEL GROOVE- 
AND BCaD WELD 
SYMBOLS CCMBirsiED 



IN 



t 




DESIRED 
WtLDS 



BEAD, 
SINSLE-J-GROOVE, 
AND FILLET 
WELD SYMBOL 



1 




b?5lRED 
'ELDS 



- - 5INGtl-- 
8EVEL GROOVE 
AND DOUBLE- 
FILLET WgtD 
SYMBOL 



I 



V 



V 




DESIRED 
WELDS 



JF;— eOMBINATlONS OF WELD SYMS&tS 



Figvire 46. We 



Iding Sywbots Inaiaailng Type and Lccation of Welds. 
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are coupled with the table reqtjired for 
Cheir translatioh. 

Supplements^ Symbols. These 

symbols designate requirements cotmnon 
in many welding processes and .include 
synbols for weid-all-around, field weld, 
flush, and convex cbhtbur welds. These 
are shown in figure 450. 

tocation of Weld Symbol en Welding Syntibl 
Reference Line 

ARROW SIDE OF JOINT. Welds on the 
arro^ side of ^he joint are indicated 
by the weld symbol on the underside of 
the reference line, as in figure 46. 

OTSER SIDE OF JOINT. Welds on the 
other side of the joint are indicated _ 
by the weld symbol on the upperside of 
the reference line, as in figure 46B. 

BOTH SIDES OF JOIT^T. Welds on both 
sides of the joint are indicated by the 
weld symbols on both sides of the 
reference line as in figure 46C. 

SFpT^ SEAM, AND FLASH OR UPSET WELDS. 
the symbols for these welds have no_arrow 
side or other side significance is them- 
selves; although, supplementary symbols 
used in conjunction with these symbols 
inay have such significance. For example, 
the flush-contour symbol ±s used m 
conjunction with the spot and seam 
^i^ois (figure 46D) to show that the 
^osed surface of one member of the 
joint is to be flush. Spot. seam, and 
flash o^ upset weld symbols are centered 
on the reference lin*. as shown in 
figure 46D; 

CXmiNATiqNjDF WELD SiWOL. When 
more than one type_of_ weid is used on 
a joints the symbol for each weld is 
shown (figure 46£) . 

QUESTIONS 

Note: bo not write in this study 
guide. Answer all questions on 
a separate sheet of paper. 

1. What is the purpose of an 
orthographic drawing? 

2. Wliac measurements are indicated 
in the top view of an orthographic 
drawing? 



3. What measurements are indicated 
in the side view of an orthographic 
drawing? 

4. What is the difference between 
orthographic and isometric drawings? 

5: What measurements, are indicated 
In the front view of an orthographic 
drawing? 

6. What is ah isometric line? 

7; What is the purpose of center 
lines? 

8. What is the purpose of hidden 
object lines? 

9; What is a working drawing? 

10. What is the purpose of 
dimensions on drawings? 

11. How is the size of a.circle 
or hole Indicated on a drawing? 

12. What is meant by sectional 
views? 

13. How is a cutting plane line 
indicated on a drawing? 

14. What are -the three types 
of sectional views? 

15. How is the exposed surface 
shown on a sectional view? 

iNTERPRETATIW OF AIR FORCE 
BLUEPRINTS 

General Features of Blueprints 

laterally thousands of blueprints 
are heeded to build one aircraft. ^ 
laanufacturcr who wants to build an 
aircraft according to AF specifications 
first consults his engineers. They 
work out all the requirements, limitations, 
shapes, and dimensions of.the various 
cbmpdneut parts. Tnis information 
is drawa up in. the form of rough layouts, 
freehand sketches, and notes. This 
is then given to the .draftsman who 
will assemble the information into 
engineering (mechanical) drawings. 
These drawings require considerable 
skill and attention to detail and in 
themselves would be too costly and 
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Figure 4?, detail dmings. 



shbrt-llved to be practical^ A 

convenient and economical means of 
accarateiy reproducing such drawihgii 
is blueprinting. 

Blueprints are actual copies 
of engineering drawings which bridge 
the gap between design and construction. 
They give complete information /lo the 
fabricator or repairman by telling him 
vhat to do and where to go, as shown 

in figure 47. Aircraft maihteriance 

personnel use several kinds of drawings 
to repair and maintain aircraft. 
Tcctoicai. order drawings , such as tnajor 
assciably breakdowns, subassembly 

brcakdowas, and structural diagrams 

are constantly used to sljnplify locating 
thousands of small parts used in the 
overall construction of an aircraft. 

_ Blueprints are not always blue. 
Tfey are sometimes white. with black, 
blue, purple, or maroon l*nes. The 
first method of reproducing mechanical 
drawings proved to be the cheapest arid 
the iost common method employed in 
blueprinting. A mechanical drawing is 

placed of a chemically^treated white 

sheet cf_ paper, ^en exposed to a strong 
liglit, the chemical on the paper turns 
blue. Since the lines on the mechanical 
driving are_ opaque , they hold back the 
light and the result is that white lines 

appear on a blue background. Other 

Methods of reproducing mechantcai drawings 
are similar. 

Other Irifdrtnatldn Found On Blueprints 

TJTLE. BLOCK, the title block used 
m AF drawings is of a standard form. 

The title blocks used by the various 

manufacturers are not identical in form; 
however, the iiif drmation contained, in 
blocks is similar. The title block 
is located in the lower right sectxoa 
of the drawing or blueprint. The size 
of Che block usually remains the same 
regardless, of the size of the drawing, 
the title block contains information 
that is not directly related to the 
construction of nhe article but is 
necessary for reierence purposes. The 
bloclc is divided into sections and 
contains the following: 

Ftnish NcrieKctature^ _ This section 
provides m explanation of the finish 



symbols. Chi /J drawing, the of 

firiish is indicated by piacin?; the index 
number in the small. circle, forming the 
tail, of the letter /'F^*^' These are placed 
bri the lines showing the finished surfaces. 
When many surfaces are to have the same 
finish, a staridard "F" may be placed 
dri the surfaces with the finish symbol 
located with notes, to indicate the 
kind of firiish desired on rec«-intng 
surfaces; an index number is placed 
in the blank. finish mark at the bottom 
of this sectiori. Although the finish 
symbols found on Air Force and various 
factory drawings are not ideritical, 
the method of indicating finishes is 
similar and generally self-explanatory. 

ToteTUKCBB* The tolerance is 
Che amount of variation permitted in 
size and location. Iridicated in this 
section are the general tolerances 
applying to all dimensions not having 
individual tolerances iriclijded with 
basic dimension. Tolerances ar? given 
in fractions, decimals, and angles. 

Materiai. The materials to be _ 
used in making. the_ article are noted ^ 
along with bp tibrial mater ialsi^ Usuaixy; 
reference is made to notes because 
of the limited space in this olbok. 

TTeuiment. The heat, treating 
process (annealing, case-harderiing,^ 
etc.) to be used, is indicated in this 
section. 

Finish. Reference is made. to 
the type of finish to be applied tb 
the article. 

DraftsmoK. _ The name bf the person 
making, the drawing is listed along 
with the date of completion. 



Checkev^ ^'^J?^??^ fcar:tri£?r. The 
names bf persons responsible tor the 
accuracy and correctness bf the drawing 
arc noted in cbrresponding spaces. 

Production Approved. The date 
the drawing was approved for production 
purposes is shown along with the riame 
of the person making the approval. 

tizsne. The nomenclature bf the 
article is indicated with the most 
suitable noun first, followed by a dash 
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and necessary descriptive words; such 
BSi "bblt - clamping ring," '^propeller 
hub/* etc. 

Scale. Detail drawings are usually 
nade to actual size, targe parts 
and assemblies ©ay require drawing 
on a reduced scale if tnfonnation 
can be clearly shown. The preferred 
scales are full (actual) size, 2, 
4i 1/2 i and l/5 (figure 47). 

Note: When the drawing is two 
times as large as the object^ 
the scale is "2"; if the object 
is two times the size of the 
drawing, the scale is "i/2." 

QumiHty Required, _The nt^ber 
of parts required to complete the 
next assembly and the Unal iissembly 
will be entered in the appropriate 
spaces* The next assembly number 
will be listed along with the type 
of equipment. The type is filled 
in only when the draving applies to 
an aircraft, engine, or electronic 
equipment • 

Drwir^ Niar&'er.. this number 
is assigned to the drawings and later 
becomes the part number of the article. 
Composition of the nusS)ers_is described 
in an earlier paragraph. The number 
is located in the lower right .corner 
of the drawing form. On Air Force 
drawings, a duplicate number will 
appear in the upper right comer for 
size A drawing form.. in_the upper 
center for sizes 3, G, T, and in the 
center right for sizes C, D, E, F, 
H, J, and K. Manufacturers employ 
a similar method of locating numbers. 

' Note: A diagonal line appearing 
in. a section indicates no action 
will be t^en. 

Change Block. The change block 

is ideated in the upper. right corner 

of the drawing form. All of the changes 
for aparticular drawing are recorded 

in this section along with the date 

of change and the code number or letter 
for the change. 

Patent. The patent clause is 
a "statement located in the upper left 
corner of AF engineering drawings and 



deals with the patent rights of government 

drawings^ This clause also relieves 

the government of any responsibility 
or obligations when the drawing is 
used for purposes other than government 
procurement. 

General and Local ::otes. Shop 
notes are used to give infdrmaticjn 
arid instructions that cannot be shown 
conveniently by other means. General 
notes are of a general nature and apply 
to drawings as a whole. They are located 
to the left and just above the title 
block. They are placed one above the 
other arid each note numbered beginning 
at the bottom. Notes of this type 
indicate finish, hardness, material, 
g^j,^ Locai notes apply to specific 
parts of drawings and are located near 
the area affected. Local notes usually 
indicate operations but may also . identify 
parts, give dimensions, and provide 
• other specific information. 

QUESt-iONS 

Note: Answer the questions at 
Che end of this chapter on a 
separate sheet of paper. DO NOT 
WRITE IN THIS STUDY GUIDE. 

1. __What is the purpose of a 
blueprint? 

2. What information is found 
in trie title block? 

3. What does the scale "1/2" 
signify? 

4. What is the purpose of the 
change block? 

5. Where are general notes located? 

6. _What type of lines signify 
a center lirie of a hole through the 
center of a steel plate? 

7. What type of informatiori 
does the local notes give the reader? 

8. What type of line signifies 
the outline of an object? 

9. What is the purpose of a 
drawing or a blueprint? 
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ibi What grade of. pencil is 
preferred for mechanical drawings? 

lli Why is it necessary for a 
nctals processing specialist to know 
how to draw? 

12. How nahy degrees are in a 
circle? 

13. What does bisect mean? 



14. What are parallel lines? 

15. What is a right angle? 
REFERENeES 
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mniS OF HEAT AND CORROSION RESISTANT FERROUS ALLOYS 



OBJECTIVES 



After completing this study guide and c 
welding procedures arid techniques. necessary 
arid corrbsibri resistant ferrous alloys. 



INTRODUCTION 

Heat and corrosion resistant ferrous 
alloys i usually referred to as stainless 
steels, are weldable by all welding 
tnethods. Welds made by oxacetylerie, 
metallic arc. or Inert gas shielded 
arc welding will develop a strength 
equal to that of the base metal iri 
the annealed condition. These ctsels _ 
have a meltlrig point of 2400Vto 2600**F. 
The coefficient of expansion is about 
50 percent greater thari that of carbon 
steel arid the thermal heat conductivity 
is from one- third to one-half less. 
in welding these steels, extra care 
should be taken to provide for expansion 
and contract ion . 



INFORMATION 



MANAGEMENT OF DEFENSE ENERGY 
AND RESOURCES 

Due to the conservation of energy 
resources, do not write in or mark 
TO any training literature since it 
lail be reused by other classes. Lights 
will be turned off any time the classroom 
is vacant for more thari 20 minutes. 
All consumable materi?iis will be _ used 
conservatively throughout Block II. 



CARBIDE PRECIPITATION 



Basically, two types of stainless 
steels are encoiffltered in the shop 
for aircraft applications^ They are 
types 321 and 357; both are ^cabiiized 
by the addition of certain percentages 
of other alloying elements. In type 
321 the stabilizing agent is titanium; 
in type 347 it is columbiun. These 
elements help to prevent carbide 
precipitation during the cooling period 
from high temperatures. Carbide 
precipitation is the movement of the 
carbide from the inside of the material 



iassrobm iristructlbri^ you will apply the 
to weld lap. butt, and tee joints of heat 

tb the outside (figure 48). The carbides 
are bMrned_by the bxygeri in the air 
iid fall off in the form of scale. 
The thickness of the metal is reduced 
each time_it is heated tb temperatures 
from 800**F tb 160q**F and cooled slowly 
iri the air. After welding, the metal 
should be heated to 1850°F and 210e°F. 
and cooled quickly. This places the 
carbides back in solution and the 
corrosion resistant properties are 
retained. 



Cbhtrbl of Oxidation, Distortion, 
and Warpage 

Oxidation, distortion, and warpage 
can be controlled by proper welding 
procedures.. Oxidation occurs readily 
if the netal is heated with a flame 
of excess oxygen. A strictly neutral 

flame is most desirable but it is 

difficult to maintain and may change 

from the neutral to the oxidizing 

flame without being nbt iced. When using 
a slightly csrburiziag flame, the 
feather or brush-like second cone 
should not extend more than l/i6th 
inch beybrid the tip of the inner. cone. 
If the fl**^** contains wore acetylene 
than req^ \ the weld will be brittle. 
Pis tor ti.-: 3 warpage are prevented 
by the us- r- jigs or fixtures^ They 
should be designed tb allow a maximum 
movemerit bf the part. This will prevent 
cracking due to the metal contracting 
as it cools. 

To prevent bxidatibribf the weld, 
corrosion resistant steels should 
be well protected from the air during 
welding, dxidatiion is kept to the 
Minimum by usirig flux in oxyacetylene 
weldirig. The flux is in the powder 
form and is mix^ in clean, cold water 
to form a cream-like paste, the flux 
is applied to both sides of the Joint 
and also to the rod. The flux 
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A. Structure Before Carbide Precipitation. 

B. Structure With Chromiufn Carbides 
Deposited at Grain Boundaries. 



Figure 48. Carbide Precipitation. 



protects the inetal that cannot be 
covered by the fiame- 

The end of the welding rod should 

be Iccpt within the limits of the flame 

ravelope.and added to the weld by allowing 
it to melt and flow into the molten 
puddle. Stirring ox puddling the hot 
metal with the rod is not necessary 
and should be avoided. The welding 
tip should be one size smaller than 
is used for a similar thickness of 
ordinary carbon steel and should not 
give a flame that forks or spreads. 

Welding tap doints 

The welding of a lap joint in 
stainless steel is usually not as 

difficult as welding a butt joint. 

Lap joints are frequently ased in the 
repair of aircraft manifolds when the 
additional thickness of a lap joint 
is permitted. They also require less 
accurate fitup in the repair of Holes 
or worn sections. _ The chance of oxidation 
is greatly reduced since the penetration 
for lap joints does not extend to the 
bottom of the joint. Wnen the design 
of the part does not permit welding 
from both sides, th^ joint may be welded 

from one side only. For some 

applications, such '"is in the repair _ 
of weldable jet or conventional aircraft 
parts, patches forming a lap joint are 



applied to repair holes or worn sections. 
Freedom of pin holes ^ corrosion 
resistance, and the hecessatv strength 
to withstand expansion and contraction 
stresses are the main requirement for 
welds on these parts. 

y.'ETAL PREPARATION. The rembval__ 
of oxides, greases, or oil is necessary ^ 
as in welding other metals » to_prevent 
their inclusion in the weld. The joint 
edges require hb special preparation 
other than the removal of burrs. 

SETUP Am_TACK_WELDI^G. The top 
edge of the lap joint must be closely 

fitted to the surface of _ the lower 

sheet. Spacing between the joint edges 
Would cause the upper. edge of the joint 
to overhe.-^ making welding more difficult^ 
Tack welds must be rigid and spaced 
close together along the entire jbint.^ 
Make sure there is a close fitup after 

tacking tb prevent the edges from 

separating during welding. Tack welding 

aids iu reducing warpage due to the 

high coefficient of expansion of stainless 
steel. Figure 49 illustrates a property 
tack welded lap jbiht^ For ^est results^ 
tack welds should be spaced no more 
than 1 inch apart, they must be made 
rigid, yet small, tb permit easy fusion 
within the weld. 
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TACK 

APPROXIMATELY 
1 INCH APART 





Figure 43, Lap Joint. 



mLPING ^PLICATIOi:. It is not 
necessary to use flux cb protect the 
inolceri metal penetrating the joint. 
But if is in butt joints. However, 
some oxidation will take place directly 
below the line of fusion. For this 
reason, a coating of flux nay be placed 
directly beneath the line of weld bri 
the underside of the sheet. 

The joint should be preheated 
for several inches by directing the 
flame above and below the joint. This 

will raise the metal to welding 

temperature at the root of the joint. 
The flame is directed mainly. on the 
bPttomsheet and is pointed in the 
direction of travel. When the edges 
are raised to the molten. state, the 
center of the molten pool should be 
in line with the unmelted edge of the 
joint. This permits the_basc metal 
to be melted into the molten poolj 
thus, requiring less filler rod and 
assuring adequate penetration into _ 
the root and upper edge of the sheet. 

The filler rod isheld at the 
forward edge of the molten pool and 



Halted simultaneously with the base 
metal. The filler rod must be kept 
within the limits of the outer flame 
envelope. This provides a protective 
shield for the aeiten pool, the 
surrounding metal^ and the melting end 
of the filler rod. _The weld should 
be completed without interruption. If 
the weld must be stopped for any reason, 
the flame should be withdrawn slowly 
to prevent oxidation of the melting 
metal. . 

General Procedures 

1. Clean the metal to be welded 
and flux the underside of the joint. 

2. Set lip the sheets without 
any space between them. 

3. _Adjust the flame to slightly 
carburizing with 1/16" feather. 

4. Tack weld at one- inch irtervals 
making the tacks as small as possible. 

5. Start at one end and complete 
the weld. Direct the flame mostly oh 
the bottom sheet. 
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6; Add filler rod near the top 

edge of Che loinc. Keep the rod slightly 
in_ advance of the pool and allow the 
molten metal to flow into the pool. 

7. Tiirii the work over and weld 
the other side. 

8. Check with instructor for 
appearance and penetration. 

Precautions 

1. Be sure the pieces fit tightly 
together after tacking. 

2. _ Make sure to use the correct 
flame with a minimum of heat. 

3. Be sure to protect the molten 
pool with the fl^e at all times. 

WELDING BUTT JOINTS 
Metal Preparation 

Square edge butt joints may be 
used on metal thickness up to 1/8 inch. 
Welding metal of greater thickness 
requires beveling of the edges, as 
ill carbon steels. All scale^ oxides , 
and traces of grease or oil must be 
removed co prevent their inclusion 
in the weld, the closer the _ 
characteristics of the deposited metal 
approximate those of the metal being 
welded, the better the corrosion 
resistance of the welded joint. 



Setup arid Tack Welding 

Proper spacing ^ size, and penetration 
of tack. welds aid in maintaining alignment 
of the joint and reduce the possibility 
of excessive warpage. the spacing 
between the edges of the sheet should 
not exceed the metal thickness _after 
tacking. Dc to the high coefficient 
of expansio:., tack welds must be made 
with complete penetration and spaced 
approximately one inch apart along 
the entire joint. f*ig^re 50 shows 
the proper setup for welding, a rigid 
butt joint. After flux has been applied 
to the bottom edges, of the joint, care 
mist be taken to place the edges of 
the joint on the same plane. _The torch 
is directed approximately perpendicular 
CO the joint to raise the_ metal to 
the ffiolten state. The filler rod is 
then added to the melting edges to 
form the tack weld. To avoid oxidation 
resulting from, removing the flame tec 
quickly from Ihe molten metal, the 
outer flame envelope should be directed 
over the tack weld and slowly withdrawn 
until it solidifies. Tack welds must 
be rigid with full penetration; yet, 
small enough to permit easy fusion 
of the metal in welding. _ The bottom 
edges of the joint should be refliiXed 
after tack welding to replace the flux 
removed by the flame in the area of 
the tacks. 
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Figure SO. 



Vfelding Rigid Butt Joirte f Forehand Techni^e). 



30 



Melding Application 

Best results are produced in weldtng 
heat and corrosion resistant steel by ^.^ 
completing the weld as rapidly as possible 
with a minimum of heat_. Excessive sid 
prolonged heating results tn increased 
carbide precipitation, distortion, and 
buckling; _ The torch tip should be one 
or two sizes smaller than that used 
in welding carbon steels of equal 

thicknesses. The welding fl^e is 

adjusted to .slightly carburizing. When 
properly adjusted, the "feather'' visible 
on the erid of the inner_cone should 
not exceed 1/16 inch. _The flame is 
directed at an angle of 45 degrees in 
the direction of travel, the filler 
rod is added to the molten pool at an 
angle of apprbxlmately 20 degrees with 
the surface of the sheet and is added 
to the forward edge of the pool, this 
technique permits the filler rod to 
fuse simultaneously with the base metal. 
The outer flame envelope serves as a 
protective shield over the molten pool, 
surrounding metal and the melting end 
of the filler rod. The weld should 
progress with a steady forward movement 
of the torch. Lateral movement of the 
torch causes the heat to spread, 
increasing the tendency toward bucklx..^ 
and distortion. Whenever possible, 
welds should be completed without 
interruption. If, for any reason, the 
weld is stopped along the joint, preheating 
lo a dull red heat Is necessary before 
restarting the weld. 

Procedure 

1, Clean the metal to be welded 
and flux the underside of the joint. 

2. Set up on firebricks in the 
welding position. 

"3. Adjust the flame to slightly 
carburizing with about 1/16" feather. 

4. Allow proper spacing and 
tack weld at one-inch intervals. Make 
the tacks as small as possible. 

5. Hold the torch and rod at 
the angle shown in figure 50. 

6. Start at center of the joint 
and weld toward the ends, always 



keeping the rod slightly ahead of _ the 
pool, allowing the metal to flow into 
the pool. 

7. Do hot stir or puddle the 
molten pobli 

8. feather off at the finish 
of each weld. 

9. Check for weld faults by 
bending through the weld. 

iG . Check your work with the 
instructor after bending. 

Caution: 1. Make_ the tack weld 

as small as possible. 

2. Be sure to feather 
off each tack. 

3. Hake sure the proper 
spacing is allowed 

and the metal is 

aligned after tacking. 

4. Reflijx the underside 
of the sheet after 
tacking. 

WELDINS TEE dGINTS 
Metal Preparation 

The removal of oxides ^ greases, 
or oil is necessary, as in the welding 
of lap and butt joints. The joint 
edges require only cleaning and removal 
of burrs. 

The plain tee_ joint may be used 
on metals up to 1/8 inch in thickness. 
Metals of greater thickness, require 
beveling, as in welding carbon steel. 
The vertical sheet is spaced 

approximately 1/32 inch above the 

horizontal sheet. This spacing permits 
easier fusion Into the root of tne_ 
joint without excessive heating. Figure 
51 illastrates the proper spacing 
o^ t^ck welds, rhcr siOBt be made rigid, 
yet small enou?^ permit easy _:-5ion 
with the weld t^ia spaced not more than 
1 inch apart, tack welds should be 
mide alternatelY on both iides when 
the joint is to be welded on both sides 
of the vertical^heet. Tack weldin|_In 
this manner aids in maintaining alignment 
of the vertical sheet. 
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Welding ftppli cation 

The correct volume of heac Is 
of utmost importance in welding a tee 
joiGt. If excessive heat is used, 
the surface on the opposite side of 
the vertical sheet will oxidize and 
sake welding extremely difficulty 
Oxidation can be minimized by applying 
flux to the backside of the joint. 
This side mist be thoroughly cleaned 
before you begin the weld. 

Preheating is done by directing 
the flame above arid below the joint, 
raising the metal to the welding 
t^perature at the root of the joint. 
Adequate preheatitrg prevents cracks 
from forming along the. line of weld. 
When welding, the torch is pointed 
in the direction cf travel with, the 
flame directed mainly upon the base 
of the tee joint. When the base metal 
is raised to the welding temperature, 
the molten pool should, extend equally 
upon the vertical and horizontal sheets. 
A requirement for tee joints is to. 
produce a weld with, the upper arid lower 
legs equal in lerigth. 

The filler rod is held at the 
forward edge of the pool and added 
at its upper edge. This allows the 
molten metal to flow into the pool 
and helps prevent possible undercutting 



Tee ^oint. 

of the upper srieet__and overlap on 
the lower sheet. The f lame ttiist 
cbristaritly shield the melting metal 
to prevent oxidation. Wheriever a 
veld ^s stopped or is at the end of 
a joint, feathering off will prevent 
oxidation. 

Procedure 

1. .Clean the metal to be welded 
and flux the underside and backside 

of the joint. 

2. Adjust the. flame to slightly 
carburizing with 1/16" feather; 

3. Set up the work, as shown 
in figure 51, and tack weld at 1" 
intervals. 

4. Rcld by the forehand method ^ 
directing most of the flame on the 
bottom sheet. 

5. Add the filler rod to the 
upper part of the joint, keeping the 
rod within tl^g limits of the flame 
and allowing molten metal to flow 
into the pool. 

6. Feather off at the end of 
the weld. 
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7. Cieah the backside of the 
jbihc thoroughly arid then repeat the 
procedure. 

QUESTIONS 

Kote: tip NOT WRITE IN THIS STUDY 
GUIDE. Diie to the conservation 
of paper, answer all questions 
on a separate sheet of paper i 

1. What is carbide precipitation? ^ 

2. What is the carbide precipitation 
range? 

3. What is the proper oxyacetylene 
flame used for welding heat. _and corrosion ^ 
resistant ferrous alloys? Why is this 
flame used? 

4. What type of stainless steel 
is commonly used by the Air Force? 

5. Why is the "feather itig-off" 
effect employed whenever a weld is 
stopped? 



6. Why is the correct volume 

of heat of thL' utmost importance in _ 
welding a tee joint of stainless steel? 

7. Why should tack welds be 
made alternately on both sides of a 
tee joint? 

8. Why_is. a coating of flux 
placed directly beneath the line of 
weld on the underside of the. sheet 
when welding stainless steel? 
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CUTTING CnRBON STEEt 



OBJECTIVES 

After co^p^ating this study gui^e and 
the factors p^rcaining to oxyacetyiene cut 
b:ty? G'itylpae ^orch; 

INTRODUCTION 

Oxyacetyiene cutting is a fast 

and economical method of cutcing steel. 
The cutting torch ailows the welder 
CO make accurate fitups and prepare 
joint. edges on the job without heving 
to rely on time cossGming mechanical 
methods. 



INFORMATION 



MANAGEMENT OF. DEFENSE 
ENERGY RESOURCES 

Due to the conservation of energy 
resources, do not write in or mark 
on any training literature since it 
will be used by other classes. Lights 
will be turned' off any time the classroom 
wiii be vacant for mbre than 20 fflinates. 
All consumable naceriais will be_used 
conservatively throughout Block II. 

CUTTIIiG CARBON STEEL 

Cutting carbon steel by the 
oxyacetyiene process is basically the 

rapid oxidation of the metal in a 

localized area. It is a chemical process 
based on the affinity of oxygen to 
ferrous metal. When_metalis_ heated 
to, or above, the melting temperature 
and a free jet of high pressure oxygen 
is forced against it, the oxygen will 
combine with the hot metal and burn 
it to an oxide. The resulting reaction 
generates an intense t-eat which is 
used in cutting. Since only the metal 
in the direct path of the oxygen jet 
is acted upon, the metal combines with 
the cutting oxygen and burns to an 
oxide. This heats the metal in the 
path of the oxygen jet to the melting 
temperature as the oxide passes ddvm 
Che side of the cut. Tnis, in curn. 
Is blown away on the opposite side 
of the cut leaving a narrow slot (kerf) 



clrssroom instruction, you will identify 
ting .ihd cut carbon steel with the 



separating the metal. When linear 
cutting, this kerf should be narrow 
and have uniformly smooth, parallel 
walls. 

A skilled welder using a guided 
and controlled torch can make very 
accurate cats. la many casesi they 
are suitable for the completed part 
with no other finishing required. 
The speed and economy with which iron 
and steel can be cut and shaped sake 
the cutting torch an indispensable 

tool- Heavy sections vhich are 

uneconomical to cut by any other method 
are readily and smoothly cut with 
oxygen. 

Although almost all metals readily 
combine with oxygen when they are 
heated to a high ^imperature, some 
of them cannot be successfully cut 
by this method. This is because their 
oxides have a higher melting point 
than the parent metaland mix with 
it instead of separating as Chey melt. 
The nonfcrrous metals, high chromium, 
steels and cast iron do not cut easily, 
but they may be melted and blown away 
by high pressure oxygen. Low and 

medium carbon, steel can be cut 

successfully by the oxyacetyiene process 
without Special preparation. High 
carbon steel parts must be preheated 
first. Ordinary tool steel requires 
a black heat while some alloy tool 
steels require a full red heat- 

CUTTING EQUIPMENT 

With the exception of the torch, 

the oxyacetyiene cutting equipment 

is generally_the same as Ehe welding 
equipment. The oxygen regulators 
used for heavy cutting operations 
are designed to furnis. a larger volume 

and higher pressure than is required 

for welding. The oxygen outlet is fitted 
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P^MEATING NtEDLE VfiLVE 
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Figure 53. Cutting Zvr*ch. 
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with a working pressure gage which 
is graduated to ^00 psL the oxygen 
hose is designed to withstand these 
high pressures. 

Cutting Torch 

The catting torch mixes oxy|en 
and acetylene in definite proportions, 
burns the mixture in preheating flames 
CO heat the work and directs a jet 
of high pressure oxygen to sever the 
metal along the line of cut. The hand 
catting torch is Similar to a welding 
torch in appearance but differs in 

construction snd_ method of con^rbl^ 

It coasists_ mair^ly of a handle . connecting 
tubes J, and head, as shown in figure 
58. The rear of the handle is equipped 
with oxygen and acetylene hose 
connections. The supply is controlled 

by a needle valve in_ the acetylene 

inlet connection. The oxygen furnished 
to the preheating flame is regulated 

by a preheat valve on the side of the 

handle. The cutting oxygen is controlled 
by a high pressure oxygen valve operated 
by a trigger or lever. In some cutting 
torches, the preheating oxygen and 
acetylene do not mix until they are 
in the cutting tip. These cutting 
torches have three |as tabes; one for. 
high pressure. oxy gen i one for preheating 
oxygen j and one for -acetylene. In other 



cutting torches, the preheating oxygen 
and acetylene premix in a cbmnon mixing 
chamber in the torch body. These torches 
have one gas tube for high pressure 
oxygen and one for the mixing of gases. 
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PREHEAT 
ORIFICES 




PREHEAT ORIFICES 
CUTTING OXYGEN ORlFlCE 



Figure S9. .Cutting Tip. 
Cutting Tips 

The taper seated, separable cutting 
tip is held in chCL cutting torcK head 
by the tip nut. The tip has a central 
orifice through which the cutting 



NUMBER BF PREHEAT ORIFICES 



DEGREE OF 
PREHEAT 



APPhl^A":ON 



Medium For straight line or circular cut- 
ting of clean plate. 





For splitting angle iron^ trimming 
plate and sheet metal cutting. 

For hand cutting rivet heads and 
machine cutting 30 deg. bevels. 

For straight line and shape cut- 
ting clean plate. 

For rusty or painted surfaces. 

For cast iron cutting arid pre- 
paring welding Vs. 

Tt 6 Very Heavy. For general cutting also for cut- 

l ting cast iron and stainless steel. 



Medium For grooving, flame machining, 
gouging and removing imperfect 
velds. 

Medium For grooving, gouging or removing 
imperfect welds. 

Medium For machine cutting 45 deg. bevel 
or hand cutting rivet heads. 

Heavy Flared cutting orifices provides 

large oxygen stream of low velocity 
for rivet head removal (washing) . 



I 



Figv^e 60. Some Cormon Cutting Torah Tips and Their Uses. 
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HIGH PRESSLIRE 
CUTTING OXYGEN TUBE 



CUTTING OXYGEN 
VALVE LEVER 



-90 DEG HEAD 



OXYGEN 
NEEDLE ■ 
VALVE 

TORCH Handle 



OXYGEN hose 
CONNECTION 




r 

ACETYLENE ACETYLENE 
NEEDLE VALVE HOSE _ 

CONNECTION 



Figure 61, Cutting At' 

oxygen flows. This orifice is surrounded 
by several preheating holes, as shown ±n 
figure 59. Cutting tips with cutting 
atrd preheating orifices of various 
sizes _are_ available f or cutting 
practically any thickness of metal- 
Cutting tips are supplied in various 
lengths for special jobs. Bent tips 
are also used under certain conditions. 
Many special operations, such as flame 
machining, gouging, scarfing, and rivet 
cutting are done with cutting tips 
specifically designed for this purpose. 
Figure 60 shows these different designs. 

Gutting Attachment 

The construction and operation 
of the cutting attachment is similar 
tothat of an ordinary cutting torch 
(figure (' is 3. simple attachiuent 

which fi u . body of the standard 
welding torch a..d converts it quickly 
into a cutting tv rch. The changeover 
i-^ made in a ver> short time since 
it is unnecessary to disconnect the 
hoses. This attachment is very. useful 
for intermittent cjtting and welding 
of lighter sections. The use of the 
cutting attachment is notrecommended _ 
for constant cutting _of heavy materials. 
Such work should be don.^ with a regular; 
heavy duty cutting torch. 



for Welding Torch. 
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Fignrp. 62. Electric JSotoT 
Circle In Steel Plate. 

Cutting Machine 

Although many types of cutting 
tsachlnes are available and identified 
by various cbnaerciai trade names, 
they tnay be classified by their means 
of control and type of work chey^ 
perform. Cutting machines have been 
Improved by using electric soleno.d 
valves to control the gas flew. Also, 
there are electronic and magnetic 
devices ased for ccnLrblliiSg torch 
aoveient. There are also machines 

which perform automatic cutting 

operations. These are special machines 
ased for cutting; vpecific numbers 
of specially shaped objects a number 
of Che same objects at the same time;^ 
straight kerfs; and for beveling metal. 
In order to make uniformly clean cuts 
ots steel plate, motor-driven c^^^ing^ 
Machines are used to support and guide 
the cutting torch. Straight line 
cutting or bevelint; is done by guiding 



Urir. . Cavriags Beiria Wed to Cut 
Ciazlcnal Cylindei' Gas Cc.) 

the machine along a straight line 
on steel tracks, as shown in figure 
62 Arcs and circles are cut by 
guiding the machine with a radius 
rod pivoted about a central point, as 
shewn in figure 53. 

SELECTiON AND MAINTENANCE 
OF CUniNG TIPS 



Selec 



The main factor in selecting 
the proper cutting tip iize the 
i-htekness of material to be cut. itie 
corrSt style .f catting tip is determined 
by the type of material to be cut. 
type cf cut. and surface condition. 
Some n.aterials are more 
to cut than others and require different 
cutting tips. Since cutting^ depends 
on oxidation, the metal should be 
cleaned beforeit ii cut^ Rust, scale, 
or painted surfaces offer greater 
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25-1 



1 




piatc Thickness 



Acetylene Pressure. Oxygen Pressare. 



1/4 in 
3/8 to 1/2 in 
3/4 to 1 in 

1 1/2 in 

2 in 

3 to 4 iri 
5 to 6 iri 
8 to 10 in 
12 in 



0 

i 

2 
3 
4 
5 
6 
7 
8 



3 
3 
3 
3 
4 
5 
6 
6 



lbs per sq i nch 
25 to 30 
30 to 4b 
40 to 5b 
45 to 50 
50 to 55 
55 to 65 
55 to 60 
50 to 70 
70 to 80 



TabU S. 



Reaomended Pressio'es for- Cutting Laa Carbon St^^U^ 



resistance to the preheating flame^ 
The tip size and oxygen and acetylene 
pressures generally used for cutting 
iteel plates of various thickness are 

listed in Table 5. Specific 

Inforiatlon on cutting pressures and 
CTttlng speeds for a given thickness 
of material is furnished by the 
snafacturer of cutting torches. It is 
uneconoalcal to use oversize cutting 
tips and excessive oxygen and acetylene 
pressures. A cutting tip with a large 
«tt±ng oxygen orifice produces a wider 
kerf than necessary and consumes more 
^en than a tip with a smaller orifice 
CTMi though lower oxygen pressure is 
used. Excessive oxygen pressure causes 
the cutting icn to swirl and spread ^ 
out after leaving the tip. This produces 
a wide kerf with uneven sides and 
increasing oxygen consamption. For _^ 
Saxiinum efficiency, cutting tips should 
be operated at normal capacity but 
not beyond. 

{iblntehahce 

Good cutting Results also depend 
aa an accurately shaped flaae. The^ 
accumulation b£ slag and oxide on the 
eotting tip. figure 6U, causes the 
preheating flanee to be irregular in 
^pe ind causes the top edge of the 




Figure 64. ^cc^m^^tiur. cf 
Slag m Cutting Tip. 

cut to be jagged. The procedure for 
cleaning cutting tips is as follows: 

1. Fasten the torch in a vise, 
as sho^ in figure 65. Use a soft 
matertai or block of wood on the face 
of the jaws to prevent damage to the 
torch tubes. 

2 Wrap a piece of fine emery 
cloth around a file and clean the end 
of the tip, as shown in figure 66. 

3. Select a tip cleaner two 
sizes smaller than the size of th^ ^ 
tip orifice arid clean by moving the ctp 
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Figure 65. Hold Torch in Vtse: 




Ftgure 66. Removing Slag Using 
Fine Dnery Cloth oh File. 




Figure 67. deeming Orifices 
With Tip Cleaner. 

cleaner up and down, as shown in figure 
67. DO NdT.TvniST. If tip cleaners 
ate hoc available, use a soft copper 
wire. 



The preheating flame should be of 
iBiifprm shape and lengthy A flame 
of this type helps to ensure a smooth 
cut. 

etrrtiNS pRoeEBURE 

Plain carbon steel "^^ose carbon 
content does not exceed 0.35 percent 
can be cut without special precautions 
other than those required for cuts 
of good quality. For higher carbon 
steels, care must be taken to prevent 
the formation of a hard laver at the 
edge of the plate. In order to avoid 
this, the plate edges are preheated 
in advance of the cut. Preheating 
temperatures of 500 ^'F to 600 '^F should 
be used in cutting steels in this class. 



To cut carbon steel, first adjust 
Che preheat-fng. flame to neutral with 
the torch needle valves, ?hen open 
the cutting oxygen valve and. readjust 
the flame, to neutral., the flame heats 
the metal to th^. melting temperature 
and the rapid oxidatiox: separates the 
metal. 

The procedure for setting _up a 
cutting outfit is. the same as for a 
welding. outfit and must be followed 
carefully. The procedure for closing 
down the cutting.putrit is the reverse 
of setting up. Since ^twch higher oxygen 
pressures are used in cutting, it is 
Important to release the. adjusting 
screw to relieve, the working pressure 
when the outfit is not in use. 



Straight Line Cutting 

In straight line cutting, clearly 
mark the line of cut with a center 
punch or a gaide bar clamped into position 
to guide the torch accurately, as shown 
in figure 68. To start the cut, hold 
the torch perpendicular to the work 
with the inner cone of the preheating 
flame slightly above the surface of _ 
the metal, as shown in figure 69. When 
a red heat has been reached, open the 
cutting oxygen valve slowly until it 
is fully open. If the cut has been 
started .properly, a shower of sparks 
should fall from the other side, 
indicating that the cut has penetrated 
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Figure 68. Straight tine Cutting. 



•CUTTING OXYGEN 




SHORT GAP 



PftgHEiST TO JCHIRRV R£0 

'before starting to cut 



Figure 6S. - Starting a Cutjmd 
Cutting With a Cutting Torch. 

ill the way through. With proper 

pressures and cutting speeds, the metal 
can be cut vdthbut interruption. Near 
the end of the cut, raise the torch 
to sever the inetal. If the cut has 



EKLC 



been made properly the result will 
be a clean, narrow kerf comparing 
favorably with one made by sawing. 
If the speed is too fast , the metal 
may not be preheated sufficiently 
to continue the cat. To restart,, 
direct the flame slightly behind the 
point at which the cut was lost. Kesume 
the cut when the metal is preheated 
properly. 

Circular Catting 

Circular cutting with a. hand 
held cutting torch is done with a 
circular cutting attachment shown ^ 
in figure 70. This attachment consists 
of a rod with a clam? attached to 
one end which fits the torch head. 
An adjustable center point on the 
bar may be set to the desired radius. 
When the cut must be started away^^ 
from the edge of the metal, a small 
hole may be drilled or burned through 
the metal a short distance fr m the^ 
circulai outline and the cut started 
from the edge of the hole. 
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Figure 70. Ctrculc^ Cutting Attachment. 



piercing 

More time is required in hole 
piercing than is with edge starting. 
When the spot is sufficiently heated, 
raise the torch about 1/^ inch above 
the normal position for catting, then 
open the cutting oxygen valve. After 
burning through, lower the torch to 
the normal height above the work and 
cbmplete the cat. are niust be taken 
to prevent slag from plugging the 
cutting orifice. This occurs if the 
torch is held too close to the work 
when first opening the cutting oxygen 
valve* 

Beveling 

Torch control during beveling 
is iore difficult than straight square 

^ge cutting. The speed at which 

the torch is moved and the steadiness 
of the movement are important. In obtaining 
a smooth cut. A line indicating the 
top edge of the bevel may be made with 



chalk. A straight edge clamped into 
position may be iised as a rest to 
assist in maintaining the propertorc^ 
angle. The angle which the cutting 
oxygen makes with the surface of the 
metal produces the desired bevel. 

SAFETY PRAGTICL. 

In ail cutting operations, special 
care oust be taken to prevent damage 
to equipment and injury to personnel 
from fire and explosion. The high 

cutting oxygen pressures may blow^ ^ 

sparks u considerable distance. Extreme 
care must be taken when cutting, an 
enclosed container. Even though empty, 
flaitimabies may .remain in the seams 
of containers for a long period of 
time, give off fumes, from heating, 
and explode. Flammable isaterials 
within the range of flying sparks 
nwst be moved toa safe distance. 
The following rules must be observed 
in the safe operation of cutting 
equipment . 
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1. Never dismantle or salvage 
magnesium parts with an bxyacetylcne 
cu'ttihg torch. 

2. Never cut ^sed drums , tanks i 
or other containers until they have 
been thoroughly cleaned. If steam 

is to be used, a minimum of three 
hours is required for cleaning- Flushing 
with hot water for.one_hour is petmlsstble 
but net recommended unless absolutely 
necessary. Cutting should be performed 
as soon as possible after cleaning. 

3. Combustible material must 
be moved to a safe .distance or the 
work moved to a safe location away 
from such materials. Asbestos or 
sheet metal guards may be set u? when 
needed* 

4; 9o not cut material in a 
position that permits Sparks, hot _ _ _ 
metal, or the severed section to fall 
on the oxygen and acetylene cylinders, 
ixoses, or on your legs snci feet. 

5. Always wear adequate clothing, 
such as high top shoes, gloves, and 
clothing without cuffs. Cuffs may 
collect hot metal ^d cause a serious 
bum. 

6. Use a fire guard when the 
nature of the work requires one. 

7. When cutting is to be stopped 
for short periods, release. the regulator 
adjusting screw. The complete outnt 
should be closed down when yc leave 
Che vicinity of the job for any length 
of tljce. 



PROCEDURE 



1. Select a ti? size for the 

thickries« sf nsetai to be cut as 

recoa>mei?ded by the torch manuracturer 



2. Adjust the oxygen gage ^o 
the proper working pressure with the 
torch oxygen valve all the way open. 
Refer Co Table 

3. Adjust the acetylene gage. 

4. Open the torch acetylene 
valve arid light Che acetylene. 



5. Open the low pressure oxygen 
valve arid adjust it to a neutral flame. 

6. With the cutting lever 
depressed, open the cutting oxygen 
valve and readjust to a neutral flame: 

7. Direct the preheating flame 
about 1/16" from the metal where the 
cut isto begiri arid heat to a bright 
red. DO NOT >StT. 

8. Depress the cutting oxygen 
lever arid move the torch along the 
predetermined line of cut at a uniform 
rate of speed. 

9 . Continue cuttirig until 
satisfactory results are obtainec. 

id. Check with your instructor 
periodically- 

Precautions 

1. Make sure the metal on both 
sides in line withthe cut is free 
from scale^ heavy rust deposits, or 
any other nonoxidizable material. 

2. Check the torch tip orifices 
to inake sure they are cleari. 

3. Make sure there are no gas 
leaks in the apparatus. 

4. See that flammable niatetrials 
or substances are a isafe distance away. 

5. Protect your feet arid legs 
from the hot slag and failing metal. 

6. Always wear close fitting 
goggles when you arc cutting, 

7. Keep the hoses clear of falling 
ietdi and slag. 

8. Do not wear cuffs on your 
trousers. 

9. >iake sure there is a properly 
charr/-^d fire extinguisher nearby. 

QUESTIONS 

Note: Due to the conservation of 
paper, answer all questions on ^ 
separate sheet of paper.. DO NOT 
WRITE IN THIS STUDY GUIDE. 
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li When cutting thir sHer:' 
metal i How should the canting* t ^rch 
be held in relation to the 

2. What is trie approximate, 
torch^angle for oxyacctylene cutting 

of material 5"ve^ 1/2 Inch in thickness? 

3. Special cutting pre 
need not be_ taken when cuttir: 
carbon steel if the carbon cc 
does not exceed a certain perc 
What is- this percentage? 

During the process of cutting 
steel,, how far should the torch 
from the material? 



5. What is the main factor in 
detertaining the size.bf tip for 
oxyacctylene cutting? 

6, What is the narrow slot that 
Is caused by bxyacetylene catting? 

REFERENCES 

1, TO 3AW4-1-5, Welding the 
Application . 

2, Modern Welding Handbook 
(Chapters 3 and 15) . 
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SILVER ANO LEAD SOLDERING 



OBJECTIVES 



After completing this study gaidc ana 

, q£ 



your classrbbiTi instruction, you will explain 

impaired, distortion is held to a 

minimum, procedures arid techniques are 
quite simple, and the process may be . 
completed quite rapidly. Silver alloy 
filier.metals are used for joining 
virtually; all ferrous and nonferrj^s 
metals. The exceptions are aluninurn, 
isagnesium, and several other low melting 
point alloys and metals. 



INTRODUCTION 

Soldering is used for joining 
iflost comaon metals within alloy that 
melts at a temperature below that __ 
of the base metal. In many respects, 
this operation is similar co brazing, 
the soldered joint depends on the 
penetration of the solder into the 
pores of the base metal surface and 
the fonnatibri of a base metal solder 
alloy, together with the mechanical- 
bond between the parts. 

INFOKWiON 

f4ANA3ESENT_0F DEFENSE 
ENERGY RESOURCES 

Due to the conservation of energy 
tesources, do not write in or mark 
or any training literature since it _ __ 
will be reused by .other classes. I-ignts 
wilt be turned off any time the 
classroom is vacanc for more than 
20 minutes. All consumable materials 
win be.used conservatively throughout 
'iilock II. 

SILVER SdtDERiNG 

Silver soldering is a process 
ill vhich bonding is produced by heating 
the base metal to a temperature between 
1175"F and 16C0^F and adding a silver 
alloy filler metal with a melting 
point within this temperature range. 

Joints whi'^^ permit capillary 
action are best suited for silver 
soldering because of the high strength 
obtained. Less heat is required since 
the silver allov filler metal rlows 
at a lov temper iture^ The advantages 
of silver soldering are:, the low 
tenperature used avoids heating the - 
metal to temperatures at which physical 
properties or other qualities are 



The strength of a silver soldered 
joint depends on the fitup.and quality 
of the bond between the filler metal 
and the base metal. The heat opens 
the crystal grain structure and allows 
the filler metal to penetrate along 
the s^^i^ boundaries on the surface 

of the base metal. This creates a 

physical bond between the filler metal 
and the base metal: It is this bona 
that produces the high strengtn of 
a soldered joint. No fusion takes 
place between the : tiler metal and 
the bas£ metai.. Parts that are silver 
soldered should not_be used when they 
are sub^^cted to temperatures that 
exceed l:0"F. At SOO'^F, the silver 
solder bond becomes weak, loses strength, 
and becomes progressively weaker as 
the temperature increases; 

There are numerous applications 
in which silver solder is used in the 
fabrication of aircraft parts, especially 
those in which high electrical and ^ 
thermal conductivity is desired. .vpicai 
examples are the fabrication ct aircratt 
radio shields, instrument fittings, 
copper oil and fuel lines, and mJec 
and outlet cbrnections on sot.v raa'ator^ 
and oil coolers. 

Silver solder can be obtained 
in several grades with_a silver content 
ran^ine from 10 to SO percent and.witn 
amfltLg point f ro. . UbO- . to_l600«F . 
It comes in rod, strip vtre, and., 
granulated form. The strip or ribt^on 
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fora is ierierally used for fixed setups 
in which the solder can be pl^ce^ 
tti the Joint before heSt is applied, 
the rod and wire forms are primarily^ 
used for joints where it is preferable 
to apply the 3oider by hand. 



flAMGIO tun K3H' 
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Figure Becpmended Joints 

for Silver Soldering. 



Joint Design 



Several factors influencejhe 
type of joint to be used; the most 
ibportant are the type of bsse^metal 
and the service requ±re:nents of the 
joint. The type of joint >8 ^^^-P^^"^"^ 
factor since tr.e preparation, fitu?, 

results obtained differ fro:n those 
in welding. Stiver solder flows freely 
into narrow opening§. Tne strongest 
joints are obtaihcd by using snail 
Clearances between 0.002 and 0.005 
inch. 

TVo basic types of joints are 
used In silver soldering, the lap 
and the square edge butt. The >u t^ 
iolnt Tnay be rcdified to include the 
flanged butt joint and the scar?_^ butt 
joint, ai §hown ±n figure .1. Tlie 
lap joint is TDOst coamonly ased since 
it pe^iits capillary action_and is _ 
the strongest, see figure ' 
efficiency is_obt-iined when the _ 
overlapping of th^ base metal equals 



or exceeds three ttffies the thickness 
bf the thinnest section of the base 
mctali 

Joint Prepafatioh 

the surface mast be clean and free 

of oxides to ensure uniform quality 

and a sound soldered joint. All grease^ 
oil dirt, and oxides must be removed 
from the base metal and the filler rod 
to ensure uniform capillary action 
throughout the joint. Soldering should 
bt done as soon as_ possible after the 
base metal and filler rod have been 
cleaned. 

The method bf cleaning is r.ormalL 
either mechanical or cheir.ical. Some 
of the mechanical methods are: 
sandblasting, grinding, cuffing, vapor 
degreaiing, filing, and sccap-nj. Sc-e 
of the chemic-<»l -ethodo ai^- ac^c 
pickling. alk.Utn>: cleaning, an.. ^ 
electrocUar.i..g. Before using . 
clear.ers. the ™st fc- --^^ed cle;^ 

to ^^xe any r.:-.des:.rable .-f-J-uc s-f.ce 
it =^y *.i-tack the base metal or lora 
a *l>m f>n the surfa.-e. Any cnroo.;, 
cadmium, pai-.t, lacquP.r, or other 
coating £hcul-i be rcmovsd oriur to^ 
so^d.2rttvs since t^^^- solder o..-:st I)3^•.^; 
con'.acc viib a cl- • sar-fsoc ci che 

Flu-x 

Choiiicai reaction occvr ■ t; metals 
wher the- are exposed ^.v_air Jpecxal 
enviri^iae-ics. Most metr^ls ar- ^ - 
un=..:-:le "In t'neir pu- e fo'-jj^'d .ead 
to revr.' to t^- oore zzable compounc^s 
in ^i.V th.-. ^re found ir. narcre The 
rate of cliem.-.ca- reaction e-nerally 
lncrda§es ^s tnc . ecp^rauut- ri-?=. 
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Figur'e 72.. tap Jciht. 
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An Increase of moistare in the 
atmosphere further_increases the rate 
of the reaction. The formation of 
oxides ard other compounds . on 

surface of the metal inhibits :he 

uniform flow and wetting of the iriolten 
solder, resulting in nonuniform bonding 
and poor joint strength. The use 
of flux counteracts these adverse effects. 

FiiiX aids in making strong, uniform 
soldered joints and is essential in 
silver soldering. A good flux performs 
the followin<^ functions: 

1. Reacts with surface films,. _ 
such as oxides to reduce them and enable 
the metal to present clean surfaces 

to the molten silver alloy. 

2. Forms protective films during 
the soldering cycle to prevent 
reoxidation at the elevated temperatures 
required for soldering. 

3. Assists the silver alloy 
in flowing freely. 

The.use of flxix does not alter 
the need for cleaning Patts prior to 
silver soldering. Flux supplements 
the initial .leaning by dissolving, 
inhibiting, or rendering ineffective 
those products which impair the quality 
of the joint or prevent bonding. 

Flux comes in a variety of forms i 
such as powder, paste, liquid, or solid 
coating applied to the silver alloy 
riller metal. The flux must be removed 
after the_ soldering is completed. 
Trapped flux can weaken or corrode 
the soldered joint. Flux can usually 
^e removed from parts by washing them 
in hot water. 

If the joint, can withstand a 

moderate thermal shoe -^^ the flux ^an 
easily be removed by imrnersing it in 
water while it is_still warm. Several 
good ready-mixed fluxes are available 
commercially but the following may _ 
be used as substitutes: an equal mixture 
of borax and boric acid for copper, 
brass, bronze, and monel metal and 
a mixture of three parts boric acid 
and one part torax for steel. Flux 
may be applied in powder form or _ _ 
dissolved water and applied with a 



brush. The temperature at which the 
flux begins to flow freely may be used 
as an indication of the proper 
temperature for applying the solder. 

Torch Technique and Flame 



Depending upon the gas mixtures ^ 
four different types of torches are 
commonly used for silver soldering: 
3l^-gas, air-acetylene, oxyacetylene^ 

and oxyhydrbgen. Air-gas torches 

provide the lowest flame temperatures 
as well as the least heat, depending 

on the size of the torch. Th^ torch 

should be of sufficient size and capacity 
to billow the use of a_neutral_or 
slightly carburizihg flame. Oxyacetylene 
torches provide the highest flame 
tsaperatures- These torches have been 

perfected to a high degree and, if 

properly used, offer the most flexible 
^d versatile method of heating. 

The tip size used depends on the 
thickness of the base a^tal. Do not 
let the inner cone of the carburi zing 
flame touch the metal- This causes 
the filler metal to be sluggish at 
the flow point and the flux to be burned, 
reducing its efficiency in promoting 
the flow of solder through the joint. 
The torch should be kept in motion 
all. the time, since holding it in one 
place tco long can very easily overheat 
the base metal and the flux. If a 
part is over-heati.c^ and the capillary 
flow of solder is hindered, the part 
mastbe recleahed and all oxides and 
f oreign matter removec' . Low heat and 
cleanliness are very important in 
silver soldering. 

In soldering, large' metal surfaces > 
the metal should be preheated well 
away from the joint, especially when 
the metal has a. high heat conductivity. 
Care must be taken in soldering metals 
of unequal thicknesses or unequal heat 

conductivity since it is necessary 

for both parts to reach the soldering 
temperature at the sqme time. Forming 
of a small, fillet at the face of the 
joint is the indication of complete 
bonding through rSe joint. 

A soft, neutral to slightly 
carburizing, -flame should be used. 
A clean tip is always important. 
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cspeciaily on fine work since the fiame 
oh a dirty tip: iDiiy angle off to one 
side, making it harder to direct the 
heat to the proper spot. 

Silver Soldering Procedure 

1. Using the proper procedures, 
clG3R the metal and filler rod. 

2. Apply the .'lux to the rod 
and to the inner surface of the joint; 

3. Select and install the proper 
size torch tip. 

Set lip v^ork, as shown in 

figure 71. 

5. Adjust tbe flame to a soft 
neutral or slightly carburizirig^ flase - 
iid preheat the bacemecal, keeping 

the torch in socior at all times. 

6. When the proper temperature 
is reached, apply the rod and sweat 
Che solder through the joint. 

7. Allow the soldering alloy 
to solidify before moving the work. 

8. Quench and remove the flux. 

9. Check with your instructor 
for fitup, bonding, and capillary flow 
through the joint. 

Precaati ons 

1. Make sure that the base metal 
end rod are cleaned to a bright surface 
and are properly fluxed. 

2. Heat the joint using the 
outer flame -nly and keep the torch 
constahtlv ih fiiOtion. 

3. Do not US3 the inner cone 
of the flame to aelt the filler rod. 

A, Be especially careful not 
to overheat the base metal. 

LEAD SOhDERING 

the lead soldering pi wcr*5s is 
the same as silver soldering except 
that bonding is. produced at tempi racures 
below 800*F. Cleaning and joint 



design are basically Che same as. for 
silver soldering. Fluxing, and flux 
removal are different in that the type 
of flux used Is only for lead soldering 
and the removal of flux is hot always 
necessary. 

Joints should be_ designed with 
the requirements and liinitations of 
the solder ih mind and shaped so that 
they fit together. properly. A joint 
that permits capillary action is best 
suited for lead soldering. 

The metal c-.irfaces must be cleaned 
as thoroughly as possible before joining 
to ensure proper, bonding between the 
base, metal and the solder^ Cleaning, 
inay be done by chemical or mechanical 
methods . 

Flux is applied to the precleancd 
surface to. remove the last traces of 
surface film- It also prevents the 
formation of new surface film before 
and during the soldering. The ease 
with which the base metal solders is 
often Indicated by the mildness of 
Che fluic that can be used. the 
i'etal becbmesjDore difficult to solder, 
it is necessary to increase the activity 
of the flux or resort to special fluxes 
and solders. Some metals are so difficult 
to solder that it is wise tc consider 
some other method of joining. 

The residue must be rembVi^c 
a corrosive flux has been used. • ' 
a noncorrbsive flux, removal may 
necessary if the appearance of 
joint is important or xf some o-.-.nic 
coating, such as paint or lacqur.i, 
is tc be applied. 



The parts to be joined are positioned 
SO that movexoenc csnnbt take place 
during the heating and cooling. The 

same torch that is used for silver 

soldering can be used fbr lead solderms- 
If available, a soldering iron is oesc 
for small, thin materials. A neutral 
or slightly carburizing flame should 
be used. 

Procedure of Laad Sc'-ering 

1. Using the proper procedures, 
clean the metal. 
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2. Apply flux to the joint. 

3; Set up the work as dcaonstratcd 
by the instructor. 

4; Install a_STaall.sir.e torch 
tip and adjust the flame to a soft 
neutral. 

5. _ Use only the oatcr envelope 

bf the flame for preheating and soldering. 

6. Allow the solder to solidify 
before tcdving the work. 

7. Quench and remove the flux. 

8. Check your work with the 
instructor . 

Precautions 

1. The bas**- metal must be clean. 

2. Use only the outer envelope 
of the flame. 

3. Use a very soft, neutral 
flame Co prevent overheating. 

iJJESTIONS 

Note: Due to conservation of 

aper, answer all questions on 
k separate she_et_of paper . 
NOT WRITE IN THIS STT^Y GUIDE. 

!• Explain the tinning process. 

2. What does the_strengt:h bf 
a lap joint depend upon? 

3. What is the iaximu!2 clearance 
for the greatest strength of a silver 
soldered lap joint? 



it. Why should parts that have 
been silver soldered not be subjected 
to" temperatures higher than 500^F? 

5. What iis the melting point 
range for stiver solder? 

6. What will lower the melting 
point bf silver solder? 

7. What determines the strength 
of a silver soldered joint? 

8. What metals or alloys cannot 
be silver soldered? 

9. Define bonding. 

id. What is the maximum bonding 
temperature fbr lead solder? 

REFERENCES 

1. TO 3AW4-1-5, Wc ldinR Th ebrv and 
Application . 

2. MDdem Weldin g Handbook (Chapter 15). 
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MODIFICATIONS 

yy- this publication has (have) been deleted in 

adapt^g this ^t.rial for inclusion in the "Trial I.pl..entation of a 
Model Syste. to Provide MiUtary Curriculum Material, for Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
.iiitary f.r.s;. procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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BRAZINS STEEL AND GRAY IRON CASTINGS 



OBJECTIVES 

^ Gray Cast iron 

INTRODUCTION ^ 

- - - --.-^ If the iron Is cooled slowly. 

Brazing ii a method of joini^^ riiult Is a soft gray colored 

Petals together without fusion. The ^^^^ ^--^ .^^jj. It 

melting point of a brazing alloy , ^^.^med easily but will not 

like that of a soldering alloy .must Sthstand heavy shock. It is_inalleable 

be below the melting point of the temperature. Gray cast iron 

tnetals to be joined. ^^^^ cylinder blocks of automobile 

engines, pump bodies, gears, puUeys. 

INFORMATION ^^^^^ applications in which weight 

5 ^i^^Airv are reaaired without great 

MANAGEMENT OF DEFENSE ftre^ S When it is broken, the_fr..ctured 

ENERGY .RESOURCES stre^st ^^^^ ^^^^ 

, - - f„ the only cast iron that can be 

Due to the conservation of energy Jl-^i^ed by fusion welding, 

resources, do not write m or mark repalrea 

bri any training_ literature since it - . . ^ ^ Jj-q^ 

will he reused by other classes. Lights White 

will be turned off any time the classroo^y ^_ ^^^^ Cooled rapidly 

is vacant for more '^^^^"-^O aiautes. ^ ^^^^^ ^ ^he result_ts 

ftil consumable :=aterials will bemused rr^^^^ brittle metal called white 

conservatively throughout Bloc: II. ^^^^^ i^^n is used for parts 

CAST im *j5Lrsir^f 

h resistan<^' or siai-ar mechanical 

east iron is a product of the o-opi'ties. ^^n it broken, the 

cupola furnace. The type of cas? k-^^ -^^^ surfaces are silvery-white 

iron produced is determir.ed by the ^ appearance. The only method of 

rate cf cooling from_thc molten sta.e. i ^^P ^^^.^g. 

east iron always contains more than P 

two percent carbon. In ^f^^^ • ^„ Malleable Cast iror 

.-./±s defined as iron with a carbon i^"^ 

^t of more than two percent. ^etal is produced by_heating 

= e of this high carbon content, ^r^^t 1650°F., holding 

s f the carbon cor^btnes with the_ ^^^^^ temperature for several^ _ 

^- 3 form free iron carbides. This -^^^ then cooling it slo.l> . 

r ul:s tn a brittle metal which is^ Malleable iron castings can be bent 

^:iixz for highly st-essed structural ciightly without breaking because _ the _ 

parts. Cast iron in the molte- state -lli^J uncombined and is distributed 

is very fluid and solidifies s wl; throughout the metal in rounded giooules 

making it possible_to produce castings Si°K act like a lubricant. They are 

of intricate designs. The tensile^ hard-vearing handtools, 

strength of cast _ iron_ is low compared ^"Jomotive earts. ana other parts which 

to steel. It will fail under excessive aut° ^^^^^^ ^^.^en it is bro.en. 

loads and shock with little or no fractured surface is like gray 

bending nor permanent set. Its ^^^^ ^^^^ ^ dull „ray in 
compression strength is nigh. 
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color and somewhat lighter. The best 
fflcthod of repair is braziag: 



iDENTlFYlNG CASTINGS 



Spark Test 



Ferrous castings can be Identified 
by the characteristics of the spark 
stream generated by bringing the metal 
into contact vith a high speed grinding 
wheel. The part should be touched 

lightly to the wheel and the 

characteristics of the sparR stream 
carefully checked. The spark stream 

of metals varies in one or more of 

Che following: color, density, shape, 
and length. Considerable experience 

is necessarv to Identify cast iron 

by this method. Positive Identification 
can be made by cottiparing the spark 
it reams of an unknown ~etal with those 
of a known metal- 

Chip Test 

The chip test is often used to 
distlngu5sh one type of casting from 
another. A narrow chip ts cat from, 
the part with a chisel. The ease wicn 
which the metal can be chipped and 
its form is a means of identification. 
When gray cast iron is chipped, the 
chips will break_loose with each blow 
of the hammer. The groove produced 
will be smooth with a gray appearance. 
White cast iron is very hard and cannot 
be cut or chipped with a chisel. 
Fracturoa surfaces have a silvery- 
white appearance. The chips from 
malleable cast iron are similar to 
those of steel on the outer surface 
but when this surface is penetrated, 
the chips nhov a vhiL€ steely skin. 
The center oi the casting appears gray 
as in gray cast iron- 

BRAZING CAST IRON 

The brazing of gray cast iron 
is often preferred to welding by the 
fusion method. This process may be ^ 
used to repair broken or cracked cylinder 
blocks, cylinder heads, and machine 

.stings. Further applications 
the building up of worn surfaces, broken 
or work gear teeth, and in the fabrication 
of cast iron pipe. The advantage in 
brazing cast iron is the l^w heat neeecd 



to do it.properly. The casting does 
not require extensive heating, and^ 
in some cases, the parts may be brazed 
without disassonbly. The deposit and 
adjacent metal are always soft and 
expansion and conrractibn are reduced 
to a minimum. Castings which are used 
for parts subjected to a high temperature 
must not be brazed since the strength 
of the deposit is reduced at temperatures 
above eSO^'F: 
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BRAZE 

Brazing a Butt Joint, 

The joint design and the technique 
used in brazing are the same as in 
fusior welding with, the important 
exception.that the base metal is not 
melted. The bond is physical.rather 
r^an chemic as in fusion welding, 
as shown in figure 83^ The filler 
rod used_prbvides reinforcement or 
the joint. 

The fact that blazing is done 

: ithout melting the base metal greatly 
simplifies the repair procedure. It 
is much easier to ::.ake sound joints 
even in intricate castings by this 
method. Brazing requires less He;it 
than fusion welding and the spoo^^ 
faster wj. :b a corresponding decrease 
in. time and gas cc :sunption or a given 
job. 

The lower tecverature required 
in brazi-Ag simplifies preheating. The 
metal is preheated to a black heat ._ .. 
anS, as a result, the effects of .expansion 
and contraction are much less than 
in fusioa welding. Most brazing 
operations can be done with on^- 
Ibcal preheating. 
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Brazing* is also the only practical 
method of repairing malleable Iron 
castings. Malleability ^ developed 
by a special lengthy hoac. treatment 
which would be destroyed by the hiph . 
temperatures required in fusion welding. 
The relatively low temperatures used 
in brazing do not greatly affect. the 
malleable properties of the casting. 

Bronze Filler Rdd 

A bronze filler, rod is used In 
brazing. Bronze yields readily as 
it cools until the temperature is 
belou- SOO^F. It yields slowly under 
reasonably low stresses even at room 
temperatures. This yielding does 
not weaken the deposited bronze nictal 
but materially reduces the locked 
up stresses in a casting which has 
been brazed. . The cuctility of the 
bronze acts further to take up minor 
stresses during subsequent use of 
the part. 

The filler rods are made of copper 
alloys which contain approximately 
60 percent copper .-d 40 percent zinc. 

This ptoportton procuces the best 

combination for nigh tensile strengtn 
and ductility. Other rods contain 
small quantities of tin, iron. _manganese , 
and silicon.. The addition of these 
elements makes them f ree . flowing, 
deoxidizes the weld metal. _ decreases 
Che tendency to fume, and increases 
the hardness of the deposited metal 
for greater wear resistance. 

Brazing rods are .manufactured 
in 1/32, 1/16, 1/8. 3/16. and 1/4 
inch diameters. The rods mexz at 
about 1625^^?.^ flow freely, and do 
not fume Co any ( xtent at orazing 
temperatures. 

Joint Preparaticr; 

Xr. brazing cast iron or steel 

with bronze, the metal in : :e area ^ 

of the braze must be thcroushiy cleaned 
to remove all scsie. ru^^t, grease, 
and oil. The ra: cs saouxd te beveiec 
and all sharp ed^es or corners ground 
off to give round edges and a smooth 
surface. The joints in figure 84 
will develop the highest strength 
because of the area of the bond between 




Figi£re 84. Recorr7ner.-.:^d T^ves of Jcints 
for BTatirig C^^t Iron. 

the bronze and the base metal is greater 
than that obtainable with the ordinary 
90* bevel. The V bevel shovn in 
figure 84A may be. made by grinding. 
It will develop the full strength of 
the metal and should be used when hish 

strength is required. The U jbinr 

shown in figure 84 B may also be prepared 
by grinding. In large, castings^, the 
groove can be made_with a pneumatic 
chipping hammer. _ A portable grinder 

with a wheel shaped to produce the 

desired shaped groove may also be used. _ 
After the edges to be brazed are cleaned 
and beveled, the surfaces shoula be 
sandblasted or seared to remove tne 
free graphitic carbon from. the surtaces. 
To sear the edges, an oxidizing flame 
is moved along the surface of the joint 
with the central cone touching the 

^;il. The free carbon combines uith 
the excesi oxygeh in c;;e. flame and 
leaves- the iron free of graphitic_carD^n 
so that a better bond may be obtained. 

Flux 

The use of flux is essential in 
b-azing cast iron using the oxyacetylene 
process. eoimcrcial f lux is available 
in powder and paste form.. The tlux 
should be a:>plied either by dipping 
the hot end of the rod in the powder 
or brushing the paste on '^^^ • - ^""^ . 
brazing, liberal. use of the _ flux should 
be made in the winning operation. ^n 
filling the vee. flux should be usea_ 
sparingly to avoid too much rodccticn 
of the oxide film covering uio mo^icr. 
pool . 
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Flame Addustmeht 

The flame should be slightly 
oxiciizing CO tin case . iron arid .must 
be large enough cb raise the metal 
quickly to a fall red heat, where the 
braze is to be. star ted. The purpose 
of using an oxidizing fl^e is to 
free the graphitic carbon ;:hat comes 
to the surface, as the metal is being 
heated to the brazing temperature. 
The free carbon combines vith.the 
Qccess oxygen in :nt: f]a:?e and burns 
away leaving tne surface clean, ^fcer 
the tinning coat is applied, the flame 
should be adjusted to. neutral to prevent 
oxidation of the inetal. The torch 
tip used should be about one size . _ . 
larger than that used for fusion welding 
steel of the same thickness. 

Torch Application 

The flame should be applied slightly 
behind the point of. rod application 
until the area reaches a full red 
heat. During the application the . 
bronze should spread, quickly and tin 
the heated area if the edges have 
been properly cleaned and flux applied. 
The molten pool should be made small 
at the bottom of Che yee and increased 
in size as it is moved forward .until 
it completely fills the vee and a 
full. size braze has been made. Care 
should be taken to ensure that the 
tinning action takes. place continuously 
just ahead of the molten POol- 
proper brazing techntcae consists 
essentially of combining into one _ 
continuous operation the tinning action 
and the building up of the braze to 
the desired size. In brazing heavy 
material, it. is. frequently necessary 
to deposit the bronze in layers. In 
such cases, make certain. that the 
base metal is well .tinned as the first 
layer is applied. This assures a 
strong bond for applying the succeeding 
layers . 

In applying the bronze, hold, 
the central cone from 1/8 to i/4 inch 
from_the surface of the metal. Point 
the flame ahead of the deposit at 
an angle of about ^S** with the molten 
pool slightly behind the tip of the 
flame. This ahglr may vary depending 
upon the position and thickness of the 



metal being, repaired. The manipulation 
of the torch arid fillerrod depends 
largely upon the size of Che _mplten 
pool carried and the speed of brazirig. 

Careful attention is required 
in applying bronze' to cast iron 
to obtain a good bond between the 
inecals- If the base metal becomes 
too hot, the bronze, bails up and 
fails to stick to the cast iron. 
Excr"^sive fuming indicates .overheating 
and a loss of zinc in the filler- 
metal. If themetal is not heated 
to the proper temperature, the bronze 
will not spread and adhere to the 
casting- Excessive use of flux 
should be avoided; use only enough 
to secure .a good _ tinning actiori. 
The end of the filler rod should 
be placed in the outer flame envelope, 
heated, then dipped into the dry 
flux powder and placed in the raOlten 
pool. A sufficient amount of flux 
will adhere to the rod for each 
application. 

The proper brazing speed is 
indicated by the ^ .of _cinnlng 
and contour Of the ueposit . . The 
bronze should. not be. applied faster 
than the tinning action progresses. 

In brazing a crack/break that 
terminates iri a hole/opening in 
a castin|, the braze should progress 
towards the point c£ termiriation. 
When brazing long joints on flat 
surfaces, the braze should progress 
from the ends, toward the middle. 

jn b.azirig branch cracks, the 
braze should start at the end. and 
progress toward the main break. 
It is a good practice to drill a 
small hole at the end of the crack, 
or break to permit stresses , caused 
by -expansion, to be distributed 
around tho. circumference of the 
hole, thus .preventing the fracture 
from spreadii.^. 

Heavy sections are brazed by 
successive deposits which start 
at the bottom of the vee and. build 
up the weld to the proper height. 
Occasionally, some impurities are 

trapped in the molten pool and a ^ 

blow hole appears as the metal sbliditi 
These impurities should be removed as 
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PROCEDURES 



i. Brazing Cast Iron 

a. Bevel the edges ^ as shown in fig'---e 78, 




ROUND ALL EDGES 
AND CORNERS 




BRONZE WELD METAL 




Figure 8S. 



Butt Joint in Cast Iran. 



the braze progresses by laelting the 
metal beneaththem and raking then 
out with the filler rod. Impurities 
adhering to the brazing rod are disposed 
of by tapping the rod oh the table. 

Cooling 

Following a brazing operation, 
move the torch f lame o'. zr the surface 
of the metal on both sides of tho braze 
for a considerable distance. This _ 
brings unequally heated sections of 
the base metal to an_even heat. . Sinall 
castings, or those which are preheated 
locally with a tocch, should be covered 
^th asbestos and allowed to cool slowly. 
If a preheating fnrnace is used, all 
draft openings should be closed and 
the top covered with asbestos to permit 
slow cooling in the furnace. No stress 
should be placed on a brazed joint 
until it has completely cooled. The 
finished deposit xay be cleaned with 
a wire brush to remove any excess flux 
or crSdc/s which miy have risen to the 
surface. 

General Procedures 

1. Bevel the edges, as show- 
In figure 85. 



2. Sandblast or sear the 
edges with a slightly oxidizing 
flame. 

3. Set up the work, as shown 
in figure 85. 

Apply flux to the tod 

and to the beveled surfaces of the 
joint . 

5. Using an oxidizing flame, 
preheat the joint until, the flux 
begins to form crystal beads. 

6. Direct the. flame at the 

root of the joint and hold the fluxed 
rod in the outer £lz^^ • When the 
base netal reaches r;2d heat, add 

a ssaii portion oC Lhe filler rod 
to the heated arer and continue 
until the beveled edges are tinned. 

7. Adjust :he flame to neutral 
and finish brazing the joint by 
melting r'n^. surface of the first 
deposit and adding more filler rod 

to build up the joint, as shown 
in figure 85. 

8; Check your work with the 
instructor. 
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Precautions 

li Have proper spacing at 

the root area and see that graphite 
carbon has been removed. 



2. 

metal. 



Do hot overheat the base 



3. Use the proper flame for 
tinning and for finishing the joint. 

Low carbon steels are easily 
brazed. The techniques and procedures 
are very similar to those employed 
vhen brazing gray cast iron. 

Braze welding repairs on high- 
carboa and tool steels should be 
nade only in c-se of an emergency 
and where th^ .owe- strength ana 
hardness of v^e fi:.\er metal are 
acceptable 



Brr- 
used wh^ 
to sever. 
te:npe» • t*--. ^ - ^ 
At temper a i or* 

to 6^»?^r . , t*n- 

iDetal 

stiff ^ 



should never be 
:irt is subjected 
vions or where the 
higher thai: 65Q*f.._ 

rangiiig from 500^F 

<;rrcn£th of the filler 
graatiy impaired. 



Note: Answer all questions on a 
separate sheet of paper due 
tol conservation of paper ^ DO 
KOT WRITE IN THIS STUDY a^DE. 

1. What is the main outstanding 
oechanlcal property of cast iron? 

2. What is the advantage of 

brazing over fusion welding of ferrous 
castiJigs? 



3. What does the" speed of 

tinning and the contour of the braze 
deposit indicate when brazing cast 
iron? 

5. What property is produced 
by brazing ferrous castings in ccmparisou 
to fusion welding? 

5. The strength of a brazed 

casting is reduced when it is ^subjected 
to tcmpr^tures above . 

6. * at type of cast iron 
is used when weight and rigidity 
is required in a cast iron? 

7. What type of furnace produces 
cast iron? 

8. What are the three tvpes 
of cast iron? tell how each can 
be repaired. 

9. How is each of the three 
types of cast irons manufactured? 

10. _ How should cast iron be 
cooled after welding? Why? 

REFERENCES 

1, TO 3AWA-1-5, We i dine Theory 
and A pplic^ti:W . 

2. TO 34W4-1-7, g^luxe-s-' Welding, 
Brazing, a^^^^Solderlng Modern v: eldin^ 
Han4¥ob k (C hapter 16) . 
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FUSION WEtDINS FERROUS CASTINGS 

OBOECTIVES 



After cbaplecirig this study . guide a; 
fundamental principles and techniques of 

INTRODUCTION 

Fusion welding of cast iron is 
done by using the bxyacetylene torch 
to melt the joint edges while adding 
a cast iron filler rod. 

INFORMATION 



MANAGEMENT OF DEFENSE 
ENERSY RESOURCES 

Due to the cbhservatibn of energy 
resources, do not write in or mark 
onany training literature since it_ 
will be reused by other classes. Lights 
will be turned off any time the classroom 
is_ vacant for more than 20 minutes. 
All consumable materials will be used 
conservatively throughout Block II . 

FUSION WELDING CAST IRON 

Gray cast iron is the only one 
of the ferrous castings which can be 
welded by the fusion method using the 
bxyacetylene flame. The weld, when 
properly made, has a fine grain structure 
and is soft and easily machined. The 
strength bf the weld is usually greater 
than the base metal. The main 
difficulties encountered in welding 
this metal by the fusibn methbd are 
the forming of hard spots and the 
control of expansion and contraction ^ 
which has a tendency to distort the 
casting or cause additional breaks. 

Cast Iron Filler Rod 

A cast iron filler rod, high 
in silicon and low in sulphur, 
phosphorous i and manganese^ produces 
the best results. The filler rod 
serves several important functions. 
It_ supplies the metal .necessary to _ 
fill the vee and reinfbrce the weld. 
When welding begins and the bottom 
and sides of the vee are being melted^ 



[ ciassropin. instruction i you will apply the 
iisibh welding cast irbh. 

the end bf the rod should be held 

^^^_9"??^ flame envelbpe. This 
prevents chilling the molten pool 
which would result inhard spots 

?^f_?eld. The filler rod should 
be added to the weld by melting 
it in the pobl of molten metal.. 
The melted sides of the vee, which 
are. thoroughly fused with the added 
filler rod, provide the necessary 
weld reinforcement. 

Joint Preparation 

Thoroughly clean the metal 
surrbundihg the break when preparing 
gray cast iron for welding. Grinding 
or sandblasting is effective in 
rembvihg rust br a heavy cbating 
of oxide. Grease or oil may be 
removed by a solvent- If the metal 
is heavier than 1/8 inch in crbss 
section, bevel the edges to be welded 
in the same manner as for steel 
plate. Cracks or breaks iii castings 
that cannot be removed for beveling 
may be chipped but with a round 
nose or diaxsond point chisel. They 
may_aiso be ground out if a flexible 
shaft br portable grinder is net 
available. When castings are broken, 
in several pieces and have no machined 
surfaces, two or three points along 
the break should be left untouched so 
that they can be used to maintain 
alignment of the edges. Dcpehclihg 
upon the thickness of the metal, 
the V^beyel should extend to either 
1/16 or 1/8 inch the bottom of 
the break, as shown in figure 86. 
This shoulder will prevent rapid 
melting of the metal at the bottom 
edges. Prior _to welding a crack 
that extends from the edge br from 
an opening in a casting, it is always 
advisable to drill, a small. hole through 
the casting near the visible end bf 
the fracture. If the crack should 
start to spread when heat is applied ^ 
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Figure dS, Cast Irjyn Butt Joint, 



the small hole will prevent its spreading 
further. 

Flame Adjustment 

A neutral flame is used to 
fusion weld castiron. Do not use 
a harsh flamie. If the voluine has 
to be turned up to ensure enough 
heat_ f or fusion, either a larger 
torch tip is needed or the preheat 
vas insufficient. 

Torch Application 

Generally^ the torch tip used 
is slightly larger than the size 
ordinarily used for welding the same 
thiclcness of steel. With a large 
size tip there is less, chance that 
the molten metal will be blown ahead 
onto the cold surfaces of the joint^ 
However, care.must be taken. to_ prevent 
[uelting put of the tbttbtn of the vee 
?9°_?^P^?^y' ^^ter the lowest part 
of the. joint is welded, the larger 
tip will aid in speeding the completion 
of the weld. 

Adjust the torch to a neutral 
fiame since it has no chemical effect 
upon the composition of the metal, 
abld the tip of the center cone 
approximately 1/8 to 1/4 inch away, 
from the molten pool. The forehand 



method of welding may be tised. Kovever, 
for heavy sections, the backhand 
method is preferred. The backhand 
method aids cdnslderabr.y Izi controlling 
the nsolten pool and perietrat .>n_is 
easier to obtain. A cast iron fus,*-.::: 
welding flux Is essential for producing 
satisfactory welds. The riux_rauses 
the oxides and impurities to f io-'C 
to ths surface of the weld- 

Procedures 

1. Sav7 through the cast 
iron bar at a 45* angle. 

2. Grind a 1/16" lip on 

the bottom edge, as shown in figure 86. 

3. Adjust the flame for 
neutral and preheat each piece 
about .1". back of the beveled edges 
to a dull red. 

4. Tack weld each end of 
the joint. 

.5. Using sufficient flux, 
finish the weld by either che forehand 
or the backhand method. Stir and_ 
puddle the molten pool cbhtihubusly . 

6. After. the weld is completed, 
allow 3t tb cobl slowly. 



1 
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_7. Check your finished weld 
with the Instructor; 

Precautions 

.1. Be Sure to preheat before 
starting to v?eld. 

; . . 2. Make sure that the sides 

39^*t melting and that 
fusion is taking place. 

3* _Stir and puddle the molten 
pool with the rod. 

4- Use a sufficient amount 
of flux. 

QUESTIONS 

NOTE: Answer all questions on 
^ a separate sheet of paper due 
to .conservation of paper. DO 
NOT WRITE ON THIS STUCY GUIDE. 



_ 1. _How are gas pockets. broken 
up when Welding gray cast iron? 

2. _ Why should the end of the 

filler rod be held xjnder the outer 
flame envelope during fusion welding 
of cast iron? 

3. Is it necessary to sear 
cast iron prior to fusion welding? 
Why? 

4. What type of flame is used 
when fusion welding gray 



^1! 

_4. Whst t3rpe of flame is used 
when fusion welding gray cast iron? 

5. How far should the central 
cone be held from the molten pool of 
the base metal whisn wel'>ihg gray cast 
iron? 

6. What is the purpose of the 
flux when fn ing ferrous castings? 

7. ! ffl;^y grease oil be 
removed froD . -'.r jus castings? 

8. Wht:; ferrous casting is 
broken i how can thi pieces be aligned 
for fusion welding? 

■ Why shouldn't the. vee. bevel 
extend to the bottom of the break? 



REFERENCES 

1. _ TO 34W4-1-5, Welding Theory and 
Application . 

2. TO 34W4-1^7, Fluxes - Welding , 
Brazing, and Soldering ^ Modern 
Welding Handbook (Chapter 16) . 
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Metal arid NDI Branch 3ABR5 31 31- SG -2 10 

Chanute AFB; Illinois 

HARD StJRFAeiNG 

OBJECTIVES 

After completing this study guide and classroom instruction, you. vlll identify 
the .purpose; types, techniques of application, and mechanical prbpertie^i of hard 
surfacing materials. 



INTRODUCTION 

The stirv±v5l of any business 
depends upon the profits gained through 
the^ use of its equipment. If the 
service life of the equipnent can 
be extended, the company has a better 
chance to survive. In the Air Force, 
hard surfacing is used to exterd equipment 
service life, lower costs, and increase 
operating efficiency: 

INFORMATION 



HANAGERENT OF DEFENSE 
ENERGY RESOURCES 

Due to the conservation of energy 
resources, do not write in or^rk 
on any training literature since it 
will be reused oy other classes. Lights 
will be turned off any tide the classtccm 
is vacant for more than 20 minutes. 
Ail consumable materials will be used 
conservatively throughout Block II. 

HARD SURFACING ALLOYS 

Hard surfacing or "hard _ facing," 
refers to the process of applyi^^g 
extremely hard alloys to the surface 
of a softer metal in order to increase 
its resistance to wear, abrasion, 
corrosion, or impact. In most cases, 
hard surfacing alloys can be applied 
to a point, surface, cm: ?dge of any 
part by means of the oxyacetylene _ ___ 
process. The wearing surface of drills , 
tools, cutters, or atiy other parts 
treated with these special alloys, 
viii outwear the common steels 2 to 
25 times, depending upon che type 
of hard surfacing alloy used and the 
service to which the part is subjected: 

There are many_types of hard 
surfacing alloys. ^sch alloy is 
specifically designed to provide 



properties which are best adapted 
to combat the destructive forces to 
be met_in a given operation. In any 
tYp€ of mechanical operation » tsovfng 
parts are subject to vear» resulting 
in loss of material. Hard surfacing 
reduces this wear. Hard surfacing 
alloys are widely used to protect 
new parts, to ensure greater efficiency, 
and to repair worn equipment. No one 
single hard surfacing material is 
satisfactory for all applications. 
Many types of hard facing alloys have 
been developed to meet the various 
requirements for Hardness, toughness, 
shock, wear resistance, and other special 
qualities. These alloys are generally 
classified into five broad groups. 

Group 1 Alloys 

Alloys in this group. consist mainly 
of an iron base and have less than 
20 percent of alloying elements. These 
elements are mainly chromium, tungsten, 
manganese , silicon , arid carbon. 
Group 1 alloys have greater wear 
resistance than any .machine steel. 
Although riot as hard as steel, they 
have greater toughness and shock 
resistance, than any other hard facing 
alloys. They are used to build up 
badly worn sections before.applying 

a final harder surfacing alloy of 

better grade. These alloys are used 
for rock crushing and similar equipment 
where resistance to shock and impact 
are more 3raportant than hardness. 



Group.? Alloys 

The alloys in this group consist 
of an iron base having 50 to 80 percent 
iron with the remainder being elements 
used i»i_Group 1, Small percentages 
of cobalt and nickel arc somecimes 
added. Some of these alloys have, _ 
the property of "red hardness" which 
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is the abiiity to reaaata hsrd at a 
red heat. _ These alloys are used for 
f^^?- resisting surfaces 

after the part has been built up with 
a high strength rod. 



Group 3 All oys ■ . ' 

^f_^_lpys in this group consist 

of the nonferrous alloys, such as cobalt, 
chromium i _ and tungsten, as well as 
other nonferrous hard surfacing materials . 
Some of these alloys also have the 
property, of _ red hardness. These alloys 
are available in different grades, 
which are ail highly resistant to wear 
and possess a toughness and strength. 

of application. 
Valves made from these alloys are designed 
f c i. handling gas^ _6ilj acids ^ high 
temperatures, and high pressure steam. 
These alloys are used extensively for 
valve seats in internal combustion 
et'^iues. • . . 

Group 4 Allc)ys 

The alloys in this group consist 
of the so-called carbide materials 
or diamond substitutes^ T^^y_ _ 
hardest and most wear resistant of 
all the hard surfacing materials. Some 

tungsten carbide with the remainder 
being cobalt, nickel ^ iron,_ or similar 

• _ _ * _ 8^Y^ ^?rength , toughness , 
heat resistance, and impact strength 
tpthe tungsten carbide. Some of these 
alloys are almost pure tungsten carbide 
and contain no alloying elements. Alloys 
of this group are furnished in the 
form of smaU. castings_^ lliey ar welded 
to the surface of the metal or other 
hard surfacing material. The appltcatibh 
of timgsten carbide pieces to wearing 
surfaces is known .as hard setting. 

group 5 Alloys 

The alloys in this group consist 
of crushed tmgsten carbides of various 
sizes. _ These may_be fused to strips 
of mild or low alloy steel, embedded 
in hard surfacing material or high 
strength rod^ or packed in mild_ steel 
tubes of various diameters . All of 
these are available in short lengths 
which may be applied to the wearing 
surface as welding rod. Crushed 



tungsten carbides are also available 
in loose form as granular pieces or 
powder and may be sprinkled on the 
wearing surface and melted into it. 
The alloys in this group, although 
more expensive than other types, are 
used for many applications bec::use 
of their long life. 

HARD SURFACING APPLICATIONS' " 

Most metal? and their alloys 
^^_¥^?^^y_^ard surfaced with 
the exception of copper, almnxntm, 
and their alloys. _ These metals cannot 
be satisfactorily hard surfaced because 
of their low melting points. In some 
cases, heavy sections of brass^ bronze^ 

preheating to a red heat and then 
applying the Gioup 3 allo;,o. Hard 
Surfacing alloys can be applied to 
the following metals and alloys : 

1. Low and medium carbon steels 
with a carbon content of 0.50 percent 
or less.- 

_ 2. High carbon steels, _if they 
are heat treated before and after 
hard surfacing to remove hardness 
and bjittieness to prevent cracking- 

3. Low alloy steels, depending 
upon the base_meta_l. Heat _ treatment 
is required after hard surfacing. 

_ 4. _ Manganese steels, which 
are hard surfaced by the metallic 
arc welding process. Care should be 
taken to apply the welding heat to 
the part uniformly, and to avoid 
overheating of the metal. Deposits 
should be peened to relieve codling 
stresses. 

5. Stainless steels, including 
the high chroffliisn and chromium nickel 
sjEeels. Tho physical properties of 
the particular steel should be known 
iji order tc ?naintain corrosion 
resistance _af t>3r hard surfacing. Uniform 
heating and cc*oling help to prevent 
warping and cracking due to the higher 
coefficient of e3q)ansibn of stainless 
steel. 



.6. Gray cast iron. Since the 
melting point of cast iron is lower 
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than steel, special prec.iur ions should 
bie taken In working with thin sections. 

7. Malleable iron. The malleable 
iron surface beneath the hcrJ surfacing 
l«:yer hardens. Soco of this hardness 
can be tendved by reheating the inetal 
to approxinateiy 1500 *F, 

Metal Preparation 

The .surface of _ the metal to be 
hard surfaced must be ^i;??_5^_3ll 
scale, rust, dirt, and other foreign 
substances, this is done by grinding, 
machining, or chipping. Wlien these 
nsethods are not available, the surface 
may be prepared by filing, wirebrushing, 
or sandblast irig. The latter methods 
are not as sat is facto r>' , since small 

particles of foreign -^^ctcr vtiich 

remain on the Surface muse be floated 
out during the harcd surfacing operation. 

All edges of grcovc:s, comers, or 

recesses must be yeli rounded to prevent 
overheating the base nietal. 

Preheating 

The same prec^^uribns should be 
taken for preheating in hard surfacing 
as is done f or _welding_ the particular 
base metal. If possible, steels in 
the heat created condition shoul«i _ 
be annealed before che hard surfacing 
layer is applied. Quenching in vacer 
will crack che hard surfacing layer- 
Xv'hen.it is_ necessary to heat the 
metal to the critical temperaturs 
after hard surfacing, oii_shou_i_d be 
used as the quenching niedia. ^'nen 
it is impossible, 6t undesirable, 
to anneal high carbon steel or high 
tensile low-alloy steel, the hard 
surfacing alloy is clepit»siced by the 
transition bead method., this is done 
by first depositing 6 thin layer of 
stainless steel, such as the 25 percent 
chromiuir./20 percmn nickel rod or 
the 18 percent cKrbtniun/S percent 
nickel rod. Next, build up the section 
to apprpximateiy the ori^u^^l^i^-^^^^o^*» 
using 11 to 14 percent manganese cr 
high strength rod and then finish 
by hard surfacing with one of the 
Group 2 alloys. 

Flux 

A fliix is n)t required for applying 
a single layer ot* hard surfacing alloy 



by che oxyacetylone torch. . However i 
in_ depositing the hard surfacing 
alloy in more than one layer, a 
flux helps to remove any scale and 
oxides formed on the preceding layer. 
This is particularly true when h.-ird 
Surfacing cast . iron , _in which cai.o 
a cast iron welding flux is satiKfactdry; 
The film of fli^ formed on the molten 
pool re^luces the rate of _ cooling 
"of the deposited material; thus, 
permitting gas, oxides, and slag 
inclusions to come to the surf ace. 
This results in a hard and solid 
surface layer. 

Deposit Thickness 

Depending upon the specific 
application, worn sections are rebuilt 
with hard facing deposits ranging 
from i/l_6 to 1/^ inch in thickness. 
When it becomes necessary to deposit 
hard surfacing material in excess 
of 1/4 inch, the part is rebuilt 
with the Group 1 alloys to vithin 
1/16 to 1/A inch of the finished 
size, the final deposit , consisting 
of Group 2 or 3 alloys, is aaded 
with some excess to permit grinding 
to the desired finished dinehsioiis. 
When harder and more brittle Group 
4 and 5 hard surfacing materials 
are applied, eitner as a final derdslt 
or in a single layer, the shape ^^'^ 
of the.d'^posit. should be care^'lly 
controlled. This is important in 
order that impact or shock loads 
n:ay_be_ transmitted through hard 
Surfacing mietal irito the tougher 
base metal. When corners., edges, or 
buiitup sections are not backed 
up by tough base metal', they will 
chip or break off in service. 

Flame Adjastinent 

Hard surfacing zeCal is applied 
by using a carburizing flame, as 
showTi in figure 87. The exact amount 
bi e>:cess acetylene in the welding 
flaire can be found by varying. the _ 
acetylene during the initial deposit 
of the rod. The dxyace ty lone flame 
allows a close control over the 

operation and produces a smooth 

deposit. The flame should be adjusted 
to produce a quiet _pool_ and good 
flowing qualities for the particular 
hard surfacing maceriai. Figures SS 
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F-igure 87. Type Flame and Tip Position to Use When Producing a 
"Sweating" Condition Prior to Hard Surfacing. 




*ttOY DEPOSIT 



Figure 88. ForeTiand Method of Hard Surfacing-. 




ALLOY OEPdSit 



Figure 89. Backhand Method of Hard Siirfdcing. 
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Figicre 90. t^^cad Surfacing 
Use of an ^ 

and 89 shov the two methods of applying 
^^^?_surf3cing icaterial. Particles __ 
of scale and forieigh matter are easily 
eliminated by these oethods and edges 
¥?*^_^9Pi^rs are easily fcrmed. This 
is parcicclarly important when it 
becomes necessary to grind the hard 
surfacing deposit to close dxinen*^ional 
iimits. The degree of penetration 
of the hard surfacing alloy in the 
tose fiietal is accurately cdntrblled 
by ihe flacie. This is linportaht since 
some of the alloys, are puddled into 
the base metal while others are rcerely 
"sweated" onto che base setal, as 
shown in figure 90. When a thin edge 
is to be hard surfaced or a desired 
shape is to be built up with the hard 
surfacing materials i a copper mold 
or backup strip lu^y be used. The 
tip size used for I'-ard. surfacing should 
be approximately two sizes larger 
thars that required for welding metal 
of the same thickness. 

Sote in figure 9D that the puddle 
of molten metal is larger than the 



^:^terial Being Applied With the 
Ixif acetylene Torch, 

Puddle used when tnaking weld. 
The outer flame area preheats 
the base metal in advance of the 
?^PP?i?^*^ ^^^f ^<^ing metal . A carburizing 
fisEe is used for hard surfacing. 

Procedure 

1. Bevel the edges of the 
plate to a 60 degree angle, avoiding 
sharp edges. 

2. Select and install the 
proper size tip. 

3. Adjust the flame to soft 
carburizing. 

A. if necessary, make the final 
adjustment of the. flame during the 
first inch of weld. 

5. Inspect for insufficient 

^^i^/^y^^^^P_^<^ burned deposits upon 
completion of the weld. 
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6; Remove sp proximately one- 
half .of the hard surfacing deposit 
and Iflsfcect for porosity. 

7. Check your work with the 
instructor. 

Precautions * • 

i. Use a tip large enough to 
do the work. 

_ 2. Do not overheat and melt 
the base metal. 

3. Use the proper flame. 

QbESTiONS 

Nbter Answer all questions on 
a separate .sheet of paper due 
to conservation of .paper DO 
NOT WRITE IN THIS STUDY GUIDE. 



1. Why are all edges and grooves 
rounded wtien setting up a hard surfacing 
project? 

2. What are five types of hard 
surfacing alloys and t^hat is each 
type specifically designed for? 

3. The main purpose for hard 
surfacing is to add what property? 



4; What must be done to high 

carbon steels before hard surfacing? 

5\ What mlist be done to low 

alloy steels before hard surfacing? 

6. _^^?_?^st be done to manganese 
steels after hard surfacing? 

7. What alloys cannot be hard 
surfaced? 

8. Which group has less than 
20% of the alloying elements? 

9. . Which group can be used 

in the buildup of badly worn sections 
before a final overlay is applied? 

' What is the _ maximum amount 

of hard surfacedeposits that may 
be removed by grinding? 

REFERENCE 



1. _ TO 34W4-1-5, Welding the ory and 
Application. 



Ld^mg- Handb ook (Chapter 20) . 
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objective of tMs progrcii is to tekch you prbpdr eafety prbbo- 

cbirss lAicli you nrdst observe or* ths) Job ae & Rep?airn:£irii 



IONS 



Biis progr?%ni presents infcrmatidn in £raall steps. Each psge or 

*• frame" contains sn infcrtaation panel snd/qr craesticns_psrtaiiiirig to 
infornistion contained in the last infcrnaticrn. panel. Read the infor- 
mation presented vithin the solid-line box, then select the correct 
stateinsnt in_responsa to the question asked in the questiOT-sai^ out- 
lined box. Esaa the que sticS^ng statCTsat OTd then make ycur response 
after _tiie appropriate question nuniber^on the ansx^Br sheet prcrrided. 
HAKE NO HASrS S SIS F?9GR^-!. ^e saall step size of the inforrnation 
panel ntakos seiectica of tiie corroct response an easj'' natter^ and in 
ntost cases you/t^-t ns7e to be told tiie correct answer. Eo^ver, the 
last page of this pr eg ram ccntaips a cdzi^lete list of the correct 
response letters listed bj question numbers. Feel free to ccsntsult 
this list at any time you are in doubt as to the correctness of any 
of your response choices. 
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personnel in a shop are con- 
tinuaily exposed to nu:xardus hazards. Some activi- 
ties are extr^ely hazardous; others vSiich are nori- 
hazardo^is can become hazardous due to carelessness, 
dverccnfidence, etc. IneDcporienced^poroonnel can 
sometimes create hazardous situations. Hazards are 
present during. all normal activities, but their ex- 
istence doesn't mean that an accident must occur. 
Our job is to prevent accidents, oven under hazardcra 
situations . 



®ES2I0N 1. 

"Which of the ststemehts below is most true? ? 



? 
? 

i 



a. Personnel are S'ibjsct to^zards in the 
maihtensiics shop only ^oa thoy beccaie 
careless. 



b. Persormel are subject to hazards in a 
maintsnance shop during all nornial activ- 
ities. 



? 
? 
? 
? 
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Frame 2. 





Inefficiency personal injury, _ and property dain- 
age are^the results of accidents in the mainte- 
nance shop. In order to reduce this vaste of time 
and money, prescribed safety_ standards must be bb= 
served by aii personnel at all times. 



??????????????? 7 7 7 7 7 ^ ^ ^ ^ 

? To prOTote efficiency and reduce the possibili- -> 

ties of psrsmal in.tJry and property daniage, all 
7 per3onnel tnust 



a. prevent accidents in the maintenance 



? 

f 



b. reduce waste in time and money; 

c. observe prescribed safety standards. 



? 
? 
? 
? 

? 



????????????????? 7 7 7 7 ^ ^ y , ^ ^ 
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Frame 3- 





Some operations in a nMihtehahce shop are 
hazardotts to other operations within the chop. For 
instance, ^en weidlng could cause severe eye bmrt 
to personnel who look at "fee wei^jng arc. 6r, an 
eiplbsion could occur if an ace^^lene torch is used 
•where fuel vapors or paint fames are present. For 
this reason painting* welding, and battery worit will 
be acccsnplished in separate parts of the shop that 
are isolated frcm each other. 



QDESTIONS 3 ttrough 5. 

???????????????????????????? 

? 3 



f 

i 
i 
? 
i 
*? 
? 
? 
f 
i 
i 



Painting, welding, and battery vork. are isdla-? 
ted frcm each other in order to 

? 

a. Prevent one operaticn froo bei^ hazard- 
ous to another. ? 

b. eliminate ihs hazarda involved in each ^ 
c5>eration. 

? 

H. To prevent ana operation from being hazardous 
to another the painting, welding^ end battery ^ 
worfc td:ll be performed in 

? 
? 
? 
? 
? 
? 



a. the seune si 

b. separate p)arts of the shop*. 

5. The painting, welding, alid battery shops 
should be 

a. kept close together to mtntatze equip- 
ment duplication. 

b. isolated from each other. 



???????????????????????????? 
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A_ ma^br hazard _ih__the_m2in 
possibility of fire due to the constant exposure of 
flaiiuTiable fuels, lubricants, and other compounds. 
Also, parts, tools, work benches, and floors often 
becc^ne saturated, vith "Ulese flanxtiable materials. 
Ebctrsne care must be taken at all times _tp prevent 
shop fires frc«n occurring under the conditions which 
s3.ways esd-st in any shop. 



^15 



???????????????????????????? 
? To prevent fires in the shop we see to it that ? 



f 
? 
? 
? 

f 



a. i ho flammable jnaterials are exposed in the 

shop area. 

b. Parts, tbbls, work benches> and floors 
don't become saturated with flacEaable 
materials. 

c. extrane care is exercised at s3l% times. 



? 
? 
? 
? 
? 



???????????????????????????? 
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Some prescribed safety "standards >jiiich must be 
dbser/ed for the prev-entioh of shop fires are: 

a. Only explosion-proof electrical ©S^iF^®^* 

and fixtures will be used in tha paint shop 

b. Use of flame -producing eqiiipmratvlll not 
be pemitted in the shop except in speci- 
fied areas, sach as the welding shop, -where 
thp required safety controls exist, 

c. Smoking will be permitted in designated 
smoking areas only. 



(aSESTTONS 7 through 9. 

????????????????? 



? &dicate ^Setisr the fdllowing stater^ehts are 
TKJE or FMSE^ 

? 

7. Electrical equipment ^d fixtures in the 
paiilt shop must be flsme -producing. 



? 
? 

9 

i 

? 

i 
9 



a. THJE 

b. FAiSS 



? 
? 
? 



The use of flame -producing ecjuipnssnt is per- 
mitted only in areas -inhere the required ? 
safety controls exist, „ 

a. TRUE 



b. FAiSE 

Smoking is hot allowed except in designated 
smoking areas. 

a. TKJE 

b. FALSE 



? 
? 
? 
? 
? 



????????????? ??????????? 
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If a fire should oc^ur in your shop, be sure that 
a valid alarm is turned in. A valid alarm is one 
"Hhich tells i^spdnsible people^ equipped to fight 
fires, the location of the fire and the. name cf the 
person turning in the alarm. Don^t fail to turn in 
an alarm because you think the fire is too small. 
After the alarm has been turned in, use your best 
judgement to decide on whether to clear the building 
or attempt to extinguish the fire, 



(JJESTIC27 10. 

?????????????????????????''? '9 

? 



2 

? 
? 
9 



In case of fire in the shop, you should 



a. clear the building of as much equipment aa ? 
pibssible. 

? 

b. J-ell "FIEE" and make sure that everyone is 
but. ? 

c. turn in an alarm. ? 





Frane 7* 




The importance of fire extinguishers being kept 
in good working order and Being convenientiy located 
throughout the maintenance shop cannot be over- 
stressed- Their location vill be clearly marked and 
kept_free of obstructions, at all_ times- They tnust 
be placed where they can, be easily reached but where 
they cannot be accidentally buinped ^ personnel or 



QUESTIONS 11 and 12. 

???????????????????????????? 



? 
? 



9 



11. tlhere wiH fire extinguishers be located? ^ 

a. Anj^ere handy. ^ 

b. Avay frcxn personnel and equipment. 

Where they can bo easily reached but 
hot in the way of personnel and/br 9 
equipnent, 

9 

12. How will fire extinguisher locations be kept?" 

a- No specisd. way as long as they can be • 
seen* 

9 

b. Clearly marked and free of obstruc- 
tions - ? 

c. Clean snd free of grease and oil, 7 



???????????????????????????? 
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Frame 8. 

_ /Q 

Now, we are . going to see how much you have learned ao f ar^bout _ ^ 
Shop Safety. Indicate whether _each_pf the 10 following stat^ents (on 
this aisd the neact page) are eitiaer TRUE or FALSE. 

^ 13. The normal activities of a repair shop y 

present numerous hazards to maintenance 
Y personnel. ^ 

a. THJE ^ 

b. FALSE 

? - - ? 

lit. Prescribed safety, standards imist be ooserved 
7 ly sBi personnel in order. tp_prc«nbte effic-_ ? 

iency and reduce the possibility of perscfiial 
7 injury and prdperty damage. ? 

^ a. fS0E ^ 

b. FALSE 

? --- 7 

15. Painting^ weldings and battery work is sccom- 
? piished in separate _parts of the shop to pre-? 

VOTit one operation frcen being hazardous to 
9 another. ? 



a. THJE 7 

b. FMSE 



? 
? 



16. Fire hazards exist in a jSh^P 4^e_ to the ^ 
? exposure of flaininable materials and ttie sat- * 

uration of partsj tools, worfc benches, and 
? fl-bbrs with flammable materials. * 

a. TRUE * ? 

b. FAiSE ^ 

17. Tie electrical equipment snd fixtures used ih_. 
? Air Force paint shops must be explosion- ^ 

proof. - 

? -- ? 

a. THJE 

? b. FALSE ' 

^ l8. Flame -producing ecjuipment must be used only ^ 
in specified areas, such as the welding shop,^ 
^ iSere required safety controls exist. 

? a. TRUE ? 

b. FALSE ^ 



? 



CONTINUED ON NEXT PAGE 
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f 19. Sriioicing in tbe shop is fbrbicideh except 
in designfited areas; 



? - TfEIE 



i b. FALSE ? 

? 20. Nevsr attenpt to extingiiish a fire vithdut ? 
turning iti an al arn -fi rst. 

' a. TKrE" ''^ 



? 21. Fire extinguisher iocaticna will be clearly ? 
marked and kept free of obstracticns. 

' a. TRUE ^ 

f b. FAISE t 

? 22. Fii*© extinguishers will be placed Khsre they ? 

can be easily reached^ but csnridt be accidart- 
? tai3y bussed 'by persce.nel or eqiaipnwiit. ? 

^ a. TKJE 7 

b. FMSE 

? ^ 
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Ai^ther dangerous and often unnecessaiy fire 

hazard is created by the fueling of equijanent inside 
the shop. As an added jsrecauticm against fire, 
equipment will not be fueled inside the sh^ as a 
routine practice. _They may be fueled inside, how- 
ever, under controlled conditions but then oiay 
T»hen approved by the Inst^ations Fire Marshall. 



(Sff^flfflJ 23. 

? ^toen may equipment be fueled inside the mainte- ? 
_ nance ^c^s? 

? o 

a. Anytime, unless, a directive from the 
? Installations Fire HarshaH prohibits it. ? 

? b. Only under c^itrolled conditions and then ? 

oiSy on approval of the Installations 
?• Fire Mar^all; ? 

? c. Whenever necessary as a routine practice. ? 
??????? ???????????????^^^<P^^ 
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Working on fuel tanks is always a hazardous task • 
Explosions frbn; fuel vapors can oc:;ur vsry easily. 
Before weldirAg or dth3r_h3at-produoing work is_ dons 
on eas_ tanks and bther fuel containers^ they should 
be drained, flushed but >?ith water and^ when pr&c-' 
ticahle, filled with water^ Filling with water 
will eliminate tiiejiahger of e^iosicn and fire 
from fuel vapor inside the tank. 



??????????????????????? 

? Before welding a fuol ta?& of any hijid^ it must ? 
_ be 

? ? 

a- filled with water. 

? _ 

b- dr£i.n3d, flushod snd> is^^n practicable:, 

? fillGQ with water. ? 

7?? ???????????????????????? 
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Another fire hazard vhich imist be avoided is the 
one created -when used oil, fuel ^ or other flaimabie 
liquids are poured into licor drains^ Ah e^qDlbsicn 
hazard from V£pors is created not just in y cvtti 
building but in all other buildings through >^ich 
the drain system rans_. To prevent this hazard, 
flairmiable liquids Tcill be put in metal containers 
^ich, when full, will be carried to so-r.e remote 
area and du:nped. 



QUESTICH? 2^. 

99 99???? ?? ?????????? ???????? 

? The proper disposal of used flsmniable liquids is V 

accorrolished by 
9 ? 



? 



a. flushing then down the floor drain systein- 

b. carrying them to a remote area to be 
dunped. 



9???????? ??????????????????^ 



3U 





Such areas as battery robins^ paimt booths, and 
ccnlinsd vclSng areas are subject tb_the accirmala- 
tion of danger oa3 gases an^vapbre. To prevent 
persdnrtel from beir^ overcccie by funies, and to pre- 
vent explgslop-s in these areas, special ernihaust 
systems will be provided and used. 



<5JESTI0:iS 26 and 2?. 

???????????. ????????????-?^"'? 





26, 


AccTinulaticn of danserou^ gases and vapors 








is Icept to a miniBnain in confined areas by 




i 




a« 


keeping all doors and windovs open. 


? 


? 




b. 


not performing sny operations vhich 










may generate any dahsarbus gases or 




? 






vapors inside. ^ 










use of special e^di^st systens. 


? 




27. 


Specj 


lal exhaust sys^cns are used in confined 








welding areas, battery rooms, and paint 








booths 


? 






a. 


because the heat produced iii these 




• 






areas is dangerous. 


? 


? 




b. 


to eliminate the smelly fujnes. 


? 






c. 


to prev?2nt the accuratdatibh of danger- 




? 






ous vapors and gases. 


? 


9 


? ? ? 


? ? ? 


??????????????????^^ 


7 
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Equipment slipping off sacks ^ faulty hoistir-g de- 
vices, and fires are some oi tiie psrsbnnsl hazards 
you will encount.er .in the shop. The most common 
personnel hazard, however, is carbon monoxide g:as . 
This is a poisonous gas vSdch cannot bs easily de^ 
tected because of its colorless and odorless char- 
acteristics. Carbon monoxide gas is discharged 
frc?n the. engine through the exhaust syste.-n.: Flex- 
ible tubing mast be attached to the exhaust pipe to 
cariy the fumes directly to the outside area of the 
shop. 



QOESTIOSS 28 and 29. 

^ 28. To help eliminate the possibility of carbon ^ 
monoxide poisoning in a maintsnaiice shop, 
you wiii 9 



? 
? 

? 

2 
? 
? 



a. never operate an interna], combustion 
t^e engine inside the shop. 

b. direct, the exha'^^ist funies outside the 
shop through a flexible tube that is 
attached to the engine exhaust pipe. 

29. The most common person;niel hazard in a main- 
tOTance shop is 

a. equipment slipping off Jacks. 

b. faulty hoisti^ deT^ces. 
r. fire. 

d. carbon monoxide gas; 



? 
? 

f 



??????????????? V 



n 
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General e:3diaust ver.tilatibn. should be provided 
and used to prevent ai^ accunulatidn of carbon 
monoxide gas inside the shop. These, accuriulatidns 
could come fran engine exhaut manifold leaics, de- 
fective mtifflers, or vehicles entering and leaving 
tiie shbp- 



QUESTION 30. 



? General, exhaust; ventilation will be provi^d ^;nd ? 
used in the maintenance shop in order to 

? ? 

a, prevent carbon. mcnbside frotr. any source 
? from accumulating in the shop. ? 

? b, allow the runnir^ of engines, vrlthbut direct ? 
ting the fumes outside the snop. 

? 

^^^^^999999 ????9?9?f?? ? 9 9 99? 




Remember, safety depends oh you. If you know the 
safe procedures but do noi practice them, you are at 
fault. On the other hand, you cannot practice 
safety if you don't knot? '^at the prescribed safety 
standards are. Our 30b is to teach you these stan- 
dards. The rest is up to you. 



Frame 16 . 



Let's stop again arid review sdr.ie. of the thin 5^? vs ' ve_ccvered so. far. 
Indicate whether each of the 6 fblla»d:ri£ statorhent.s are TRUE or FALS2. 

QUESTICNS 31 throngh 3- 

???????????????????????????? 

^ 31- most cctnr.on psrsonnel hazard in the nlain-9 

tenarice shop is fire. 

^ a. THJE • 

^ b. FALSE ? 



32. Before .welding on a gas tank it must be 
drained arid flushed. 



9 



? a. TRJE ? 



9 



b. FALSE ^ 



9 



33- "^"ehicles may be fueled inside t,he shop tinder ^ 
controlled conditions unless a directivd frorn" 
^ the Installation FIRS KAH5HA1L prohibits it. ^ 

a. TKJE 

? ? 

b. FALSE 

? - _ _ ? 

3U. FlsCTiable liquids should rievbr be draii'ied 

^ into floor drains. 9 

a. TffiJS 
b; FALSE 



9 



? 

? ? 

35- Battery rooms, paint5:ng booths, and confined 
9 veldins aroas vifii be provided vrf.th special ? 

exhaust ventilation. 

' a. TRUE • 

^, b. FALSE 7 

^ 36. flexible tubiiig imst bd attached to the ^ 

vehicle's exliaust whenever the equipment's 
^ engine is run inside the shop. ^ 

? 



a. TiJEJE 

b. FALSE 



?????! ?????????????????????? 
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..Good housekeeping is essefntisi to the snf ety and 
efficiency of shop operations, imagine a shop^ tfith j 
nothing in its right place, floors ^uttersd -with ! 
junk, and oil and grease spilled a.li over the piacs 
You woifidnH get mch -work dona becsiise of all. the 
tripping and slipping you.-would be doing, and the 
chances are that you would wind up in the hospital 
with a serious injury. 



? Safe shop operation depends on 

a. U3i3lg personal protective equipment* 

b. good housekeeping. 



7 

? 
? 

9 



c. applying only, those, shop safety pr^ictices 
necessary to keep the iiisp^ctorc off your 
back. 



? 

i 

7 

9 
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Shop floors will be kept, clean and free cf oil* _ 
grease, gasolino^t water, and other hazardous or slip 
pery iraterxai. Bo:^^es cf 6and or other suitable ap- 
sorbsnt materiais vrill be provided to use spill- 
ed grease and oil. After the absorbent T^t-:^risl 
has been applied to spills, the iloor will bcr 
tlicroughly cleansd. 



? To clean up a grease or oil spill, you will use ? 
? a. sand or other absorbent material. ? 
V b, a rag dippod in solvent. ? 

999 9 99V9'>009797997999772'7977 




1 ^ 
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Kisre are niany hazartibu:? dperatioris t&ich wist be 



performaa continually in thz niaiJitsnance shop. To 
make these operations less hazardcnis, the. Air Force 
provides ttic best personsl protective equiprnsnt 
available- You are responsible f or usij>g this 
equipinent. Personal protective equipciait in^uds s 
such iteiTiS as face shields, inpact goggles, rubber 

and asbestos gloves, chGinical goggles, weldir-g 

helms ts, aprons, etc._ This_ squipnit?nt >rj. 11 be kept 
in good cOTidition and wijl be ccaveaiiently' located I 
for iimediate use. 



QLTESTICST 39. 



? ftio Air Force provides psrsdnal protective eqiaip- ? 

Xiient in the maintsnancG shou to 

? ? 

a. eliip^inate the possibility of^sn accident 

? >d3ile perforiidng hazar-doas operations. ? 

? b. maJce operations less hazardoas. ? 



????????????? ??'*'???????^*??? 
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^fhen woricing v;itli batteries in the battery, shop, 
personnel nast be carefS to wear the prescribed. __ 
personal protective equipn:ent. Battery acid, spill- 
ed, onyoujr clothing win "eat'^ holes in thorn and, if 
splashed in your eyes, could blind you permanently. 



QUESTIOH UG- 

^20*77777?'???^'' ft????????????- 

? To protect ycur 3yes and clothing Khile woz^cing ? 

vdth batteries, you nust wear 
7 ? 

a. intact goggles, steel-toed shoes, and 
i ^ asbestos gloves. ? 

? fa. che.TTicai goggles, rubber gloves, and a rub- ? 
ber apron. 

? ? 



J, J, 2????? ????????? ??????? 
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Tour eyes are your most valuable asset and they 
must be constantly protected against injury vhilc 
working in the inaintehahce shop,- When using k 
grinding ^Se^ or cutting ^eel -sSiich produces fly- 
ing chips or dust, iir^pact goggles or a face skieid 
inust be worn, tcu also need protection from dirt 
entering your eyes -sSiile working on your back xinder 
equipment. 



?????????????????? ? 



You must wear goggles or a face shield to protect ? 



your eyes when 

• . _ _ _ _ _ < 

a* using a grandj/ng wheel or cutting dsvice 

? which produces chips cr dust, - ? 

? working under equipment: ? 

? c. both "a" and "b" above* "? 

? d- rieitlisr "a^ nor "b- above. ? 



???????????????????????????? 
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The things we have cosj^.red so far have been :n ^ 
variety of. areas but, t};en, shop safety is a bi^; 
order arid includes several areas we car-nc-t eve:;, 
cover in tJiis pro^jra-n.. Safety, is a cor.tinu<r-i5t?iV';g . 
You may get by for a wiile neglecting the mler.for 
saifety, bat sooner or later it c^n happen - ser^c^us 
injury or even death. 



? Safety in the ir.ainterjsnce shop dependent on ? 

*? a. good coK^on ssn^o. ? 

? b. constant obedience to prescribed safety ? 
standards- 

? ? 

c. gocd housekeeping. 

? 

d. a3Ii of the above. 

? ? 

9999799'?9799 ???????? /???? ?? ? 
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_ Let's mbve intp the area of personai clothti^. 
The type of cldthirig you vear on the job is verg^ 
important. lour cld-Dhas should be of a good ccn:^ 
i'brtable fit but not too loose. Loose clothing is 
easily caught on rr-Svchiner^'- and may . cause serious in- 
jury. Neckties, rings, and other jeweliy. will not 
be worn for the same reasons. Clothir^ which. has 
become saturated ;rf.th flajrunable rabstances will hot 
be i>^d_rn or stored in lockers as this constitutes a 
fire hazard. T^e job itself ^dll deterrdno hoK_ 
often you should change. Here again, good coinnion 
sense must be used. 



OaESTIOK 

? Fny must loose clcthir^) rings, or other jevrelry ? 
not be worn while worlcing on or around equipment? 

9 ? 

a. They can be easily carght on machirxsry and 
? other equipment causing serious injui^'-. ? 

? b* To keep from damaging machinsry and equip- ? 
stent. 

? ? 
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Shop raachlriery which perfornis operations urder 
power can be dangerous. _ The point of operation 
Inhere the machine does its wdrkj as well as gear 
trains, shafts, belts, drives^ chain and b^rocket 
drives must ail be guarded .aocbrdir^ to standards 
set forth in the Ground Safety Hanual. Wschina 
guards are pat in place for your protection- Tney 
•will not be i-emoved or blocked out of the vay uude; 
any circuinstance. 



QaESTIGNS hh and hS- 



? hh' Machine gruards may be removed or blocked 

? a. vjhenerer necessary to get naxinran 

utilization of the machine. 



b. cnl^'- on approval of the naintensnce 
officer for specific jobs. 

c. never during operation- 



What is the reason for having machine guards 
on niaclainery in the naintensnce shops? 

a. To prevent danage to the nachine. 

b. To p>rctect personnel from injury. 

c. Both ^'a" and *^b»' above. 

d. Neither "a" nor "b.»» 



AC 



ERIC 



3^3 



Frame 25 




A. very ir^ortsnt pisce of equipnient iised in the 
maintenance shop is tne equipment lift or hoist. 
Its purpose is to raise the eguip:;;!Siit so that 
personnsl can work underneath. Needless to sly, all 
such lifts Jnust be equipped with a safety device to 
prevent unintentional or accident^ lowering. 

There are t^-o types of lifts ccnDnoniy used. One 
is the roli-on or drive-cn_ type; the other is the 
frame contact or chassis-lift. type. All roll -on 
type lifts v-lil he equipped vrLth step chocks, pre- 
ferably autoniatic, vhich spring into place when the 
equipment enters the lift. 



giJESTidNS h6 and li7. 

? ii6. What safety feature irrust all equipment lifts ? 

be equipped wdth? ^ 
? 2^ stop chocks which prevent the equipnient* 

from movir^ while on the lift. 9 

? - 

b. A device vhich prevsnts accidental 
? lowerir^ of the lift. ? 

1;?, What additional safety features must ail ? 
roll-on isv^ lifts equipped >ith? ^ 

a. Nbh-skid paint. 

b. Side rails. 

c. Stop chocks. ? 

d. Safety leg. 



? 
9 



99V999'>????????^???????????? 
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No person vri.ll be p>er.:iitted to rcn:3iii vlth the 
equ±pp:cnt on the lift, men it is on a lift thtt is 
noving or is elevated. 



QUESTION 1x8. 



? VGisn -n.11 perGcn3 be perrjLrtod tp _ rerjiin -rith tho ? 
equipaetxi cn r;ovirj^ or elevated lilts. 



9 
9 



a. Only vtien the^ en=:irie is runnir-g. 

b. Only if the engine is hot running. 

c. Etoring brake bleeding operations, 

d. Not under any circumstance. 



9 

9 

9 



i 



???????? ? ? ? ????????????999 0 9 
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You must inspect a lift for proper operation and 
conditioii prior to raising equipiHsnt; J^h:at is^ de^ 
termine if all safety devices are working properly. 



However, when using a jack for lifting equipment 
there are still more s&fety precautions tfc^t r*ust 
be observed. 



3^^ 
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When uSng s jack j^bu nust be siire that.it has a 
rated capacity sui'ficient to lift and sustain the 
load. Thst is, rake sure thst the jack is not too I 
small for the job. All jacks, except those s^^ppliedj 
by the manufacturer as standard equiprnent;_viH_be 1 
stamped vith their rated capacity in a prcrninent j 
location oii the jack. Oiice the equipment has been I 



raised by a jack the_ equiprnent nust be securel;^- j 
blocked up ^rith "jack stands" to pi^vent its falling. 
Even after the equipnient is jacked up aiid sccun^ly 
blocked, you >dli not place any part, of your body 
directly uoider the wheels of the equipment. 



V 



J 
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QBKSTiONS 1x9 through 5?. 

^????*?? ???????????? ????????? 

? Indicate whether each of the h foil owing state- ? 
itients is TRUl: or FAISE- 



? ? 

U9- All ii.acks exc'jpt standat^-ecmipmen ^acks 
? must be »staiT]ped with their rated capacity. ? 

? a. THJE ? 

? b. FALSE ? 

? 50- The rated capacity of a jack is the a.Tibiu;t '? 

of weight it vill lift and sustain saTt^iv. 

? ^ ? 

a- THIE 

? ? 

b. FAISE 

? ? 

51. If the ja-k is rated to sustain th,3 veif^ht 
? of equip:.! Gnt safely th^ro is no ti^ed of ? 

. securely blockir^ up 1±ie equiprtisrit after 
? it has been jacked. ? 



? a. THU£ 

? b. FALSE. 



? 5?- You will not place any part of your hody 

direc&y under the ^d^ceia of securely 
? blocked equipment. 

? a. TRUE 



b. FALSE ? 
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We hcive said that good housekeeping is essentiai 
to safe shop op^eratibns. Andwer these questions: 

QUESTIONS S3 through 59; 

V V 9 9 V 9 7 7 ????????????????? ? 

? Hov shbuld spilled groase or oil on the shop ' 

floor be ta^cen care of? 

9 _____ _ -_ - ___9 

' a. Apply absorbent material, to the spill 

f^^^^^ _ and clean it up thoroughly. o 

b. Wipe it up Tri-th a sb2vent-?oa}:ed rag. 

- ? 

c. Flush it do;?n the floor ara^n. 

9 - _ . ? 

Sh. Impact goggles should be worn vTien 

a. working under equipneni. • 
v^^^^ b. doing erxgine tune-up cperatioris- j 

c. working in the battery rocxn. 
? d. Pharpening a chisel on a grlnd-^jr. ? 

t? You niust ronove all rtegs and other jewelry - 

y^en workiiis on any equipnient in the rrainte- ^. 

• nance shop. 

y^, ? a. TKjE ^ 

^ ^ FALSE ^ 

^"^^ 56. Machine guards may be ren:Oved or blocked cut ^ 

• of the way when they prevent usin^ the ^ • 
machine for sp>ecial operations, y 

• b. FALSE j 

; -y 57. All jacks must be eq^oipped \.;ith 

a. stop chocks. ? 

) b. a safety leg or other device which ;:ill^ 

^ prevent accidental lowering. 



c. side rails. ? 

9 53. The rated capacity of .d j^tck is ? 

a. the OTiount of weight the jack will 

aiid sustate safely. 

^ 'Zi^j b. always stamped prominently on the j^ck 9 

^.^^ except for jacks which come as stand- 

^ ard equipment. 9 

1 c. both "a" and "b" above. 

\^ 1 d. neither ^a'' nor "b.'^ 

????????? 
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_Tlie .n;odern Air _Fcirce iriaihtenarice 2hbp_ is equip-, 
ped with inany kinds of power tools to rake yo^ir job 
faster and easier. To use these tools requires scxne 
knbvrledge about their safe operation. For example, 
when using electrical power tools^ always nake sure 
that they a^'© grounded Serious electrical shock 
could result frcni using anj" ungrounded electrically- 
operated tools. 



59. 

????????????????????? ?? ???? 

Electrical power tools muist be ? 

a. equipped with insulated handles. ? 

b. of the same voltage as the eqoipnisnt being : 
worked cn. 

? 

c. grounded. 

4 



99999 999999999999999999999 



QUESTIOTI 

9 

9 
9 
9 
9 

9 
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When Tzsing portable electrical tools, it is some- 
tlTnes necessary to use extension cords or c^bles^ 
Drop lights are often used in areas -whicli need addi- 
tional light. An example of this would be when you 
were working, underneath eqai|xnent. The mechanic 
using portable electrical tpols_and lights, will not 
string cords or cables carelessly across the shop 
floor. Serious trippir-g accidents can result. 



©JESTION 60. 



J 



? When usir-g electrical tools and eqiiipinent* you 
must 



? 
? 

9 



a. be sure that they are grounded, 

b. not create a hazard with electric cables 
and cords carelessly strung e cross the 
r;hop. 

c. both "a'- and "b" abcr.^e. 

d. neither "a" nor "b." 



??????????????? ????!???????? 
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Some povrer tools nsed in the maintenance si^op, 
such as imtjact wrenches air drills^ are c-psrated 
by expressed air. Air may also be ^ised tor clesjx- 
iiig debris from a repair iob, paint spraying, and 
airing tirea. Ccm^ressed air is Qangerous^^.d 
irrust be used vith caution at all tinias. I- «iJx 
hsver be directed at a f ellov: worker. 



eUESTIOti 61. 



V ???????????????????? ^ ^ - • 



Coinpresaed adr will never be used for 

a. cleaning parts. 

b. horseplay. 

c. both "a" and "b" above. 

d. neither "a" her "b." 

• ••••••• 
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Each Mechanic in a mEintenance shop will be 

issacd a tool kit for his crwn perscnai use. It 
will be his responsibility to. look after these tools 
and keep them in top shape. Tool kits will be in- 
spected .periodically and any defective tools v^ill be 
replaced iirurediately. A defective tool coiiid ciuse 
serious injury, ^e :Air Force is more tlxan glad to 
replace your defective tools if doj^^ so vd,il pre- 
J vent any lost tzjno or injury. 



?7 



Frame 

QUESTIONS 62 thrcmgh 55- 

???????????????????????????? 
? 62. In the interests oi" safety, tool kits ;dll be? 
i a. turned in for inspection once a month. ? 



9 



b. inspected and defective tools repaired 
once a week* 



? c. inspected periodicallj and defective ? 

tools replaced iimnediately, 

? _ ? 

63. All electricaD.ly-pdv:ered eqiii^ent and tools 
? i-nust be effectively grounded to prevent elec-? 

trical shock to the operator. 

? ? 

THJE 

• b. FALSE • 



6U^ Extension cords or cables wi'ti not be used 
^ -with portaole electric tools because they are^ 

a tripping hazard. 

^ ? 

a. TRUE 



? b. FALSE ? 

? 65. Defective tools will be replaced itMediately. ? 

? a. ? 

« b. FALSE ^ 

J • 

• ••••••• • 
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One more thingi ffiejSaintsnance shop is a biisy 
place. Equipment is constaiitiy on "fee inove. All 
personnel are raoving about in the course of their 
noimal. era ties. _ To protect personnel, a maxiwan 
speed limit p_f $ HFH_>rf.ll be enforced in and aro::ind 
the shop. All vehicles, snterir^ or leaving the 
shop will signal with th-3ir hern tc ^cam persdnnsl 
of on-coming traffic. 



(3JESTI0NS 66 and 67- 



????????? ???????????"?'^????? 
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66. ^e maxiTTTJum speed limit in and around the 
maintenance ^cp is 

a. 3 MTH. 
c. Id >1PH. 

6?. When entering or leaving the maintenance 
shop, vehicle operators must 

a. look and proceed tjith cautidri. 

b. sound horn and proceed with caution. 
? c. maintain a speed of at least 5 K?H. 

9999^70^ 99 ????? ?'?? ????? ??? ? ? 



? 
9 

9 
9 
9 



? 
? 

9 
9 



Fraxii© 37. 




RMmBER: It's not enough to inst learn the pre- 
scribed safety standards, you mast 
also practice them constantly. 



If vou turned liere^ looking for the list of coz^ 
rect answers, you w.ll find than priiited on the 
next (last) pag^* 
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Frame 38. 



Regpbhse Cdhfltiriatibri Pdnal 



Question '^P?^??^ Question Correct 

Number AiDswers 'Jfmnber Aiiswers 



31. b. 65 

3Ui 



a. 
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a. 
a. 



1; b: 35. 

2. c. 36. 

3- a. 37. b. 

U. b. 38; a. 

5. b. 39. b. 

6. c. ho. h. 

7. b. la. c. 

8. a. Ii2. d. 

9. a. U3. a. 

10. c. Uh' c. 

11. c. h$. b. 

12. b. h6. b. 

13. a- 1j7. c. 
Ht. a. Ii8. d. 

15. a. a. 

16. a. 50. a. 

17. a. 51; b. 

18. a. 52. a. 
15- a. 53. a. 

20. a. 5H. a. 

21. a. 55. 2. 

22. a. 56. b. 

23. b. 57. b. ^ 
2li. b. 58. c. 



c. 

c. 



25. b. 59. 

26. c. 60. 

27. c. 61. b. 

28. b. 62. c. 

29. d. 63. s. 

30. a. 611. b. 

a. 



32i a. 65. b. 

33i b. 67. b. 
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Mecailurgy Branch 3ABR532 lO-HO-iOO 

Chnntice aVb , lilinois 8 June 3:970 

><i:tai^ processing spf:c:ialist 

ni.OSSAKY OF TERX^ 

AC cr aLTKKN'ATIImG CURRENT— K ie c c ri c current, which rcvi^rses i ts direction cver>' 
cycle . 

ACETYiJ:NE--Gas composed of tv;b parts of carbon and psrcs of hydrogen; 

it produces one of Che highest temperatures obtain.^bie in burning gases 

ACETi'LKNE RlTin.ATOR--Auc bmat i c vrilve used to reduce cylinder pressures to 
torch pressures and ro kc-ep these pressures constant. 

2\LL0Y-~IntIma te mixture of two or more r.ietals. 

/u^'NL'^L1NG~To soften metals by heat treatment: 

ARC~F1ow of elccrricity through a gaseous space or air gap. 

ARC BLOVv—Magnetic pull which causes the arc to waidcr toward the pull. 

ARC LlCi>JirrrH — Distance frbin the end of the electrode to the work surface. 

ARC VOLTAGE— Voltage acrcss the welding arc. 

ARC WEL:)ING — Fussing two nietals together with an electric arc. 

BACKirNC — Material used to back up the joint during welding, such as copper, 
bronze, etc. 

HARE ELECTRODE — Arc filler rod without a coating. 

BASE MKTAL — >(etal to \vi welded. 

BEAD — Tiie fini.slied weld. 

BLOW PIPE — Ox>'acety 3ene torch. 

BRAZING — Type of :-:oldering in which brass is used. 

BURNING — Violent combination of o:<>'gen with any substance which prbciuce.< heal. 

BUTT KEtD — Weid in whicli the two pieces of metal to be joined are placed in 
the same plane . 

CARBON-- Element wiiicli is combined with iron to form various kinds of steel. 

CARBURiZING — Addition of carbon to any r.etal. 
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COATKD Ki;r:CTkeDH--Arc: fllU-r wiro with a touting ir, commonly r Si led flu>:: 
CRACRlNC—OpeninR a vaU-ti slip.ritiy. 
CRATER — Indentar.i on ai tiu' end of weld; 

C-VSK lURDtsN-iNin— Addi;-.;; carbon to r!ie ^'.irxncc of a ni.ld sic-.'i. 

CASTINGS -M*-tai Eoro^ produced by pouring noJtcn ;nttal ^nto a :;i,r;;-d rcnratn^r. 

I;C or niREer CLlRRi^NT—Kurctri.- cu: rtut wl^id: flovr on;y in ci^c- dirwcticn; 

DEFTli OF FUSION-^Distancc fro- t^c Surface of Ui^ haso v^tal to that point at 
which the fusion endf;. 

ELECTRO!)!;— The point in the circuiL at whi cii the ar.- hvi:inf; to for-: 
FACI-; OF WEl.D — £>q>oPed surface- of a wtild. 

FILLER RdL>-M'-i^l. wir^ that is rK^Ucd and addod to t!ur :.o1di:ig p.dd].. 
FIL^-ET KELD— Killing in with WPld nietai hetw-en r.-c K.:.rf;u-^s. 
FLASH— Electric arc rays whijh arc- haiStu.; to the hu.;..;: . y^ • 
FLAT WLLEH- Horizontal seas wt ld on a horiz-.-ntal ^.-jrfo^c-. 
[.•l^Uv__(::hc:niical used to pronote fusion of m-.-.tals. 

6/6 POCK. i:T-= Cavity or or-^ning within a weld caused by vr;'pp-2ri s^.-cs. 

CENKf^/XTUk^^Machir,.- wrii cti generate-:^ or produces sas or iilftctrici:f.- ; 

HEAT AFFl-CTEi) ZONE-Area aionp all 3ides of a vei.! th?t hnr^ h.-en affccced 
by hf3t. 

11!;LMKT— protecting hood wSiich fits over tl.e r.rc wejd^'r s :;e;iC. 
HORIZn.NTAL WELD~!luri;'.oiitaI scon weld on a v.->rti:-al surfcico. 
HOSE— Flcxiine cube -.isoj to carry gases from ^hi> r<T.<- ^ a t.-.r t:.- t:io torcn. 
L,\P JOirn — :Joint formed by two overlapping pieces of ni--tal. 

UJP WELD-Weiding in which the edges of the two netals .lap one- ov.-.r the cth.r. 

LEi^S-Spocinlly treated glass through whi.:h one ir.-.y lock at .m intenscj zUmv^ 
without being injured by tiic harmful rays; 

MIXINC. c:H:^^!IsER-•^>^,t part of a welding torch in whic;-. ti-.e wcldinr. ganes are 
tti i xe . 

NEGATIVE C:C)NS!-(:lin:iS--Conm-cti^ns in ..n .-loctric circuit through which the cur 
flow5 hack to i is -siourci- . 
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OKIFiCi*--Kc-strict«i'. Oponint- t'ir6u>>li wliich }',asc:j fJo«i 
OXlblZiNC;— Cbnbir.ing bxN-f.cr: u>\tU any stibscar.cc. 
O.XT-.^Ii^lNt; Kh;vHr;--£Ncc^s<i cf b::>-i'.on in ^iu? rbrch n-lxturc. 

O^YC^K AC:K-iT].KNK (:trrTING--CuL Ling n^tnl usinf; the oxygen jot wi:ich is in- 
corporated ci Lh an o:(yg.:r..= acetylene, prc-he?cing flaiix.. 

u?;Y&E.N--c;ao which actively supports cbnibus tioh . 

OXYGEN--.-.€E-rtLE;:EKELDINC:--Mcchod of velclina, using a coi&in.cLon cf. the n:o 
gases — oxysen and arotylcnc. 

OXYGEN W:CC1.ATOR-Auto:n3tic valve used to reduce cylinder pressures to torch 
prcssUrc-s . 

PHEt^lKG-.Mccasnical working of the Tr-.etal by means of s hanrner. 
PENETwVT.ro:.;^-Distar.ce the fusion Eonc extends into tlie surface of the OH^tal. 
POr.OSITY — ('?s pockets or voids in t«tai. 

^OSITIVr CO;:y:!::CiiC.-^ — i.onnec ti onj, i.i a.i electric cir, 'ij.- 
flows. 

POST HhATTKCi— Heat appii-i to l.Hu work after welding. 
Pt'DI>1-I'.--Mc' ten pool . 

SU'^G— ;::vdcT.ir:=.ble niaterial trapped in v;eld nietal- 
SPATTK:>— :-:ctal p-nrticl.:-; put off during welding. 

TINNi:-:G--Soldc=rins in whicn the metnJs to be soldered to-thcr ^r^ first fciv- 
a coating of tho '^oDdoring metal. 

■ijP_-;:.o- cf tUo torch at which the s^s burns, ptodfcing a high toSperatiire 
f J ame - 

TbRai — :!e-:.hani3n-: which applies the heat during welc in g. 
VERT.TCA'; WELD- -Verti cal .^cair. wcJd on a vertical su:.fi-ce. 
\^ELD— Joining of n.'o pieces of metaJ by fusion. 




